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POLYMERIC DISPERSIONS AND 
APPLICATIONS THEREOF 

FIELD OF THE INVENTION 

The present invention relates to emulsion polymerizations 
and polymeric dispersions resulting therefrom. 

BACKGROUND OF THE INVENTION 

Emulsion polymerization is an advantageous process 
involving radical chain polymerization of monomers in the 
form of colloidal dispersions. Emulsion polymerization bears 
some resemblance to suspension polymerization. Any simi 
larities, hoWever, are super?cial as emulsion polymerization 
generally demonstrates signi?cantly different reaction 
mechanisms and properties. Emulsion polymerization, for 
example, differs from suspension polymerization in the type 
and smaller size of the particles in Which polymerization 
occurs, in the kind of initiator employed, and in the depen 
dence of polymer molecular Weight on reaction parameters. 
Emulsion polymerization additionally offers the unique 
advantage of being operable to simultaneously attain high 
molecular Weights and high reaction rates. 

Emulsion polymerization is used to manufacture several 
commercially important polymers. Fluorinated polymers and 
copolymers are examples of commercially important poly 
meric materials produced by emulsion polymerizations. Flu 
orinated polymers are used in various applications including 
the treatment of materials such as textiles, leather, carpet, and 
paper to impart hydrophobic and oleophobic properties to 
such materials. The polymerization of ?uorinated monomers 
according to traditional emulsion polymerization techniques 
presents several challenges. One of the most dif?cult chal 
lenges is addressing the solubility variances betWeen the 
hydrophobic ?uorinated monomers and the aqueous dispers 
ing medium. In order to increase the solubility of ?uorinated 
monomers in the aqueous dispersing medium, Water-soluble 
organic cosolvents are often added to the dispersing medium. 

The addition of organic cosolvents to the dispersing 
medium, While enhancing solubilization and polymerization 
of hydrophobic species, presents several drawbacks. Many of 
the organic cosolvents used in emulsion polymerization pro 
cesses, for example, are accompanied by governmental regu 
lations due to various environmental considerations, Which 
can increase costs to ensure compliance With the regulations. 
Moreover, organic cosolvents can negatively impact various 
properties of polymeric dispersions. Organic cosolvents, for 
example, can negatively impact the desired repellant and 
protective properties of the polymeric dispersion, especially 
When the polymeric dispersion is applied to a substrate such 
as a fabric. Additionally, organic cosolvents can negatively 
impact Wash fastness and other fastness of dispersed dyed 
textile substrates that have been treated With polymeric dis 
persions comprising organic cosolvents. 

Organic cosolvents can be distilled out of polymeric dis 
persions. The distillation process, nevertheless, increases 
production time and the energy required to produce the poly 
meric dispersions. Distillation procedures can additionally 
destabilize the polymeric dispersion. Furthermore, many 
organic cosolvents suitable for use in emulsion polymeriza 
tion systems are costly adding even more expense to the 
production process. 

SUMMARY 

In vieW of the foregoing problems With organic cosolvents, 
it Would be desirable to provide polymeric dispersions result 
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2 
ing from emulsion polymerizations having reduced or no 
organic cosolvent content. It Would additionally be desirable 
to provide methods of conducting emulsion polymerizations 
Wherein little or no organic cosolvent is used. 
The present invention provides polymeric dispersions 

comprising reduced or substantially no organic cosolvent 
content as Well as methods for conducting emulsion polymer 
izations With reduced or substantially no organic cosolvent. 
The present invention additionally provides substrates coated 
or treated With polymeric dispersions comprising reduced or 
substantially no organic cosolvent content. Substrates coated 
or treated With polymeric dispersions of the present invention, 
in some embodiments, demonstrate advantageous properties 
such as improved repellencies and increased resistance to 
?ammability. 

In one embodiment, the present invention provides a dis 
persion comprising at least one emulsi?er, a monomeric com 
ponent, and a continuous phase comprising an aqueous solu 
tion of a compound of Formula (I) 

Wherein X is O or S and, 
Wherein R1, R2, R3, and R4 are independently selected 

from the group consisting of hydrogen, alkyl, alkenyl, alky 
nyl, ?uoroalkyl, ?uoroalkenyl, ?uoroalkynyl, cycloalkyl, het 
erocyclyl, aryl, heteroaryl, %(O)OR5, and %(O)R5, 
Wherein the alkyl, alkenyl, alkynyl, ?uoroalkyl, ?uoroalk 
enyl, ?uoroalkynyl, cycloalkyl, heterocyclyl, aryl, and het 
eroaryl groups are optionally substituted one or more times 
With a substitutent independently selected from R5 , 

Wherein R5 is selected from the group consisting of hydro 
gen, alkyl, alkenyl, alkynyl, ?uoroalkyl, ?uoroalkenyl, ?uo 
roalkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, hydroxy, 
carboxy, alkoxy, sulfonyl, sulfonic, and amine. 

In some embodiments, at least one emulsi?er comprises a 
surfactant. Surfactants suitable for use in dispersions, accord 
ing to embodiments of the present invention, comprise 
anionic surfactants, cationic surfactants, nonionic surfac 
tants, amphoteric surfactants, or combinations thereof. 
A monomeric component, according embodiments of the 

present invention, comprises a plurality of monomers having 
at least one polymerizable functionality. In some embodi 
ments, a polymerizable functionality comprises a point of 
unsaturation, such as a carbon double bond or carbon triple 
bond. In other embodiments, a polymerizable functionality 
comprises an amine functionality, an isocyanate functional 
ity, or a carboxylic acid functionality. In a further embodi 
ment, a polymerizable functionality comprises an alcohol or 
hydroxyl functionality. 

Monomers, in some embodiments, comprise vinylic 
monomers, allylic monomers, or combinations thereof. In 
some embodiments, monomers comprise hydrophobic 
monomers, such as per?uorinated monomers, hydrophilic 
monomers, or combinations thereof. Monomers, according to 
embodiments of the present invention, are selected according 
to the desired polymer to be produced. 
A dispersion, in some embodiments, further comprises an 

organic cosolvent. In some embodiments, an organic cosol 
vent is Water-soluble. Organic cosolvents, in some embodi 
ments, comprise acetone, methyl ethyl ketone, ethyl acetate, 
propylene glycol, dipropylene glycol monomethyl ether, 



US 7,964,657 B2 
3 

dipropylene glycol, tripropylene glycol, hexylene glycol, 
ethanol, or mixtures thereof. In other embodiments, a disper 
sion comprising at least one emulsi?er, a monomeric compo 
nent, and a continuous phase comprising an aqueous solution 
of a compound of Formula (I) does not comprise an organic 
cosolvent. 

In some embodiments, a dispersion comprising at least one 
emulsi?er, a monomeric component, and a continuous phase 
comprising an aqueous solution of a compound of Formula (I) 
is a colloidal dispersion. 

In another aspect, the present invention provides polymeric 
dispersions. In one embodiment, a polymeric dispersion com 
prises at least one emulsi?er, a dispersed phase comprising a 
polymeric component, and a continuous phase comprising an 
aqueous solution of a compound of Formula (I) 

Wherein X is O or S and, 
Wherein R1, R2, R3 , and R4 are independently selected from 
the group consisting of hydrogen, alkyl, alkenyl, alkynyl, 
?uoroalkyl, ?uoroalkenyl, ?uoroalkynyl, cycloalkyl, hetero 
cyclyl, aryl, heteroaryl, 4C(O)OR5, and 4C(O)R5, 
Wherein the alkyl, alkenyl, alkynyl, ?uoroalkyl, ?uoroalk 
enyl, ?uoroalkynyl, cycloalkyl, heterocyclyl, aryl, and het 
eroaryl groups are optionally substituted one or more times 
With a substitutent independently selected from R5 , 

Wherein R5 is selected from the group consisting of hydro 
gen, alkyl, alkenyl, alkynyl, ?uoroalkyl, ?uoroalkenyl, ?uo 
roalkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, hydroxy, 
carboxy, alkoxy, sulfonyl, sulfonic, and amine. 

In some embodiments of a polymeric dispersion, at least 
one emulsi?er comprises a surfactant. Surfactants suitable for 
use in polymeric dispersions, according to embodiments of 
the present invention, comprise anionic surfactants, cationic 
surfactants, nonionic surfactants, amphoteric surfactants, or 
combinations thereof. 

Apolymeric component, in some embodiments, comprises 
a plurality of polymeric particles. Polymeric particles, in 
some embodiments, have an average siZe ranging from about 
0.5 nm to about 3 pm. In other embodiments, polymeric 
particles have an average siZe ranging from about 1 nm to 
about 1 pm. In another embodiment, polymeric particles have 
an average siZe ranging from about 10 nm to about 800 nm, 
from about 50 nm to about 500 nm, or from about 75 nm to 
about 300 nm. In a further embodiment, polymeric particles 
have an average siZe ranging from about 100 nm to about 200 
nm. In some embodiments, polymeric particles have an aver 
age siZe greater than about 1 pm. In one embodiment, poly 
meric particles have an average siZe ranging from about 20 
nm to about 100 nm or from about 40 nm to about 130 nm. 

Polymeric particles, in some embodiments, comprise 
hydrophobic polymers, oleophobic polymers, or combina 
tions thereof. In some embodiments, polymeric particles 
comprise ?uoropolymers including, but not limited to, ?uo 
roalkyl methacrylates, ?uoroalkyl acrylates, ?uoroalkyl aryl 
urethanes, aliphatic ?uoroalkyl urethanes, ?uoroalkyl allyl 
urethanes, ?uoroalkyl urethane acrylates, ?uoroalkyl acryla 
mides, or ?uoroalkyl sulfonamide acrylates or mixtures 
thereof. In other embodiments, polymeric particles comprise 
polytetra?uoroethylene (PTFE), ?uorinated ethylene-propy 
lene (FEP), per?uoroalkoxy resin (PFA), polychlorotri?uo 
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4 
roethylene (PCTFE), ethylene-tetra?uoroethylene (EPTFE), 
polyvinylidene ?uoride (PVDF), or polyvinyl ?uoride (PVF) 
or mixtures thereof. 

In some embodiments, polymeric particles comprise ole 
?nic polymers including, but not limited to, polyethylene, 
polypropylene, polybutene, or mixtures thereof. In a further 
embodiment, polymeric particles comprise elastomers 
including, but not limited to, 1,3-dienes and derivatives 
thereof. 1,3-dienes comprise styrene-1,3-butadiene (SBR), 
styrene-1,3-butadiene terpolymer With an unsaturated car 
boxylic acid (carboxylated SBR), acrylonitrile-l ,3-butadiene 
(NBR or nitrile rubber), isobutylene-isoprene, cis-l,4-poly 
isoprene, l,4-poly(l,3-butadiene), polychloroprene, and 
block copolymers of isoprene or 1,3-butadiene With styrene 
such as styrene-ethylene-butadiene-styrene (SEBS). In 
another embodiment, elastomers comprise polyalkene oxide 
polymers, acrylics, or polysiloxanes (silicones), ?uoroelas 
tomers, or combinations thereof. 

In one embodiment, polymeric particles comprise polyvi 
nyl chloride or acrylics such as polyacrylic acid, poly 
methacrylate, polymethylmethacrylate, or mixtures thereof. 
In some embodiments, polymeric particles comprise polya 
mides, polyesters, polyurethanes, or combinations thereof. In 
other embodiments, polymeric particles comprise polysty 
renes, polyvinyl acetates, vinylacetate-ethylene copolymers, 
or mixtures thereof. 

A polymeric dispersion, in some embodiments, further 
comprises an organic cosolvent. In some embodiments, an 
organic cosolvent is Water-soluble. Organic cosolvents, in 
some embodiments, comprise acetone, methyl ethyl ketone, 
ethyl acetate, propylene glycol, dipropylene glycol monom 
ethyl ether, dipropylene glycol, tripropylene glycol, hexylene 
glycol, ethanol, or mixtures thereof. In other embodiments, a 
polymeric dispersion does not comprise an organic cosolvent. 

In some embodiments, a polymeric dispersion comprising 
at least one emulsi?er, a dispersed phase comprising a poly 
meric component, and a continuous phase comprising an 
aqueous solution of a compound of Formula (I) is a colloidal 
dispersion. 

In another aspect, the present invention provides substrates 
coated or treated With a polymeric dispersion of the present 
invention. In one embodiment, a substrate comprises at least 
one surface at least partially coated With a polymeric disper 
sion comprising a dispersed phase comprising a polymeric 
component and a continuous phase comprising an aqueous 
solution of a compound of Formula (I) 

Wherein X is O or S, and 
Wherein R1, R2, R3, and R4 are independently selected from 
the group consisting of hydrogen, alkyl, alkenyl, alkynyl, 
?uoroalkyl, ?uoroalkenyl, ?uoroalkynyl, cycloalkyl, hetero 
cyclyl, aryl, heteroaryl, 4C(O)OR5, and 4C(O)R5, 
Wherein the alkyl, alkenyl, alkynyl, ?uoroalkyl, ?uoroalk 
enyl, ?uoroalkynyl, cycloalkyl, heterocyclyl, aryl, and het 
eroaryl groups are optionally substituted one or more times 
With a substitutent independently selected from R5, 

Wherein R5 is selected from the group consisting of hydro 
gen, alkyl, alkenyl, alkynyl, ?uoroalkyl, ?uoroalkenyl, ?uo 
roalkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, hydroxy, 
carboxy, alkoxy, sulfonyl, sulfonic, and amine. 
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In some embodiments, a substrate comprises a plurality of 
surfaces Wherein each of the plurality of surfaces is at least 
partially coated With a polymeric dispersion of the present 
invention. Substrates, in some embodiments, comprise cellu 
losic materials, including paper, Wood, cellulose acetate 
?bers, and cotton materials, including, but not limited to, 
cotton ?bers, Woven cotton articles, and non-Woven cotton 
articles. In other embodiments, a substrate comprises natural 
?bers in addition to cellulose ?bers including, but not limited 
to, Wool and silk ?bers. In another embodiment, a substrate 
comprises synthetic ?bers. Synthetic ?bers, in some embodi 
ments, comprise nylon (polyamide) ?bers, polyester ?bers, 
polyole?n ?bers, polyurethane ?bers, polyacrylonitrile 
?bers, or combinations thereof. In a further embodiment, a 
substrate comprises leather, thermoplastics, thermosets, met 
als, porcelain, carpet, masonry, stones, brick, Wood, plastics, 
painted surfaces, and dyed surfaces. 

In some embodiments, a substrate comprising at least one 
surface at least partially coated With a polymeric dispersion of 
the present invention comprising a dispersed phase compris 
ing a polymeric component and a continuous phase compris 
ing an aqueous solution of a compound of Formula (I) has an 
oil repellency of at least 5 according to AATCC 118. In other 
embodiments, the treated substrate has an oil repellency of at 
least 6 according to AATCC 1 18. In a further embodiment, the 
treated substrate has an oil repellency of at least 7 according 
to AATCC l l 8. In some embodiments, polymeric dispersions 
of the present invention at least partially coating surfaces of 
substrates having the foregoing oil repellencies do not com 
prise an organic cosolvent. In other embodiments, the poly 
meric dispersion comprises an organic cosolvent. 

In some embodiments, a substrate comprising at least one 
surface at least partially coated With a polymeric dispersion of 
the present invention comprising a dispersed phase compris 
ing a polymeric component and a continuous phase compris 
ing an aqueous solution of a compound of Formula (I) has a 
Water/alcohol repellency of at least 6 according to AATCC 
193. In other embodiments, the treated substrate has a Water/ 
alcohol repellency of at least 8 according to AATCC 193. In 
some embodiments, polymeric dispersions of the present 
invention at least partially coating surfaces of substrates hav 
ing the foregoing Water/alcohol repellencies do not comprise 
an organic cosolvent. In other embodiments, the polymeric 
dispersions comprise an organic cosolvent. 

In some embodiments, a substrate comprising at least one 
surface at least partially coated With a polymeric dispersion of 
the present invention comprising a dispersed phase compris 
ing a polymeric component and a continuous phase compris 
ing an aqueous solution of a compound of Formula (I) has a 
spray rating of at least 70 according to AATCC 22. In other 
embodiments, the treated substrate has a spray rating of at 
least 80 according to AATCC 22. In another embodiment, the 
treated substrate has a spray rating of at least 90 according to 
AATCC 22. In a further embodiment, the treated substrate has 
a spray rating of 100 according to AATCC 22. In some 
embodiments, polymeric dispersions of the present invention 
at least partially coating surfaces of substrates having the 
foregoing spray ratings do not comprise an organic cosolvent. 
In other embodiments, the polymeric dispersions comprise an 
organic cosolvent. 

In some embodiments, a substrate comprising at least one 
surface at least partially coated With a polymeric dispersion 
comprising a dispersed phase comprising a polymeric com 
ponent and a continuous phase comprising an aqueous solu 
tion of a compound of Formula (I) has a dry crocking fastness 
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6 
of at least 3.5 according to AATCC 8. In other embodiments, 
the treated substrate has a dry crocking fastness of at least 4.5 
according to AATCC 8. 

Moreover, in some embodiments, a substrate comprising at 
least one surface at least partially coated With a polymeric 
dispersion comprising a dispersed phase comprising a poly 
meric component and a continuous phase comprising an 
aqueous solution of a compound of Formula (I) has a Wet 
crocking fastness of at least 3.5 according to AATCC 8. In 
other embodiments, the treated substrate has a Wet crocking 
fastness of at least 4.5 according to AATCC 8. 

In some embodiments, polymeric dispersions of the 
present invention at least partially coating surfaces of sub 
strates having the foregoing dry and/ or Wet crocking fastness 
do not comprise an organic cosolvent. In other embodiments, 
the polymeric dispersions comprise an organic cosolvent. 

In some embodiments, substrates having at least one sur 
face at least partially coated With a polymeric dispersion of 
the present invention displaying one or more of the AATCC 
properties provided herein comprise synthetic ?bers. In other 
embodiments, the substrates comprise natural ?bers, such as 
cellulosic ?bers. 

In another aspect, the present invention provides methods 
of conducting emulsion polymerizations. In one embodi 
ment, a method of conducting an emulsion polymerization 
comprises providing a dispersion comprising at least one 
emulsi?er, at least one initiator, a monomeric component, and 
a continuous phase comprising an aqueous solution of a com 
pound of Formula (I) 

Wherein X is O or S and, 
Wherein R1, R2, R3 , and R4 are independently selected from 
the group consisting of hydrogen, alkyl, alkenyl, alkynyl, 
?uoroalkyl, ?uoroalkenyl, ?uoroalkynyl, cycloalkyl, hetero 
cyclyl, aryl, heteroaryl, 4C(O)OR5, and 4C(O)R5, 
Wherein the alkyl, alkenyl, alkynyl, ?uoroalkyl, ?uoroalk 
enyl, ?uoroalkynyl, cycloalkyl, heterocyclyl, aryl, and het 
eroaryl groups are optionally substituted one or more times 
With a substitutent independently selected from R5, 

Wherein R5 is selected from the group consisting of hydro 
gen, alkyl, alkenyl, alkynyl, ?uoroalkyl, ?uoroalkenyl, ?uo 
roalkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, hydroxy, 
carboxy, alkoxy, sulfonyl, sulfonic, and amine. 

In some embodiments, a method of conducting an emul 
sion polymerization further comprises forming a polymeric 
material. Forming a polymeric material, in some embodi 
ments, comprises initiating polymerization of the monomeric 
component With the at least one initiator, propagating poly 
merization of the monomeric component, and terminating 
polymerization of the monomeric component. 

In another embodiment, a method of conducting an emul 
sion polymerization comprises providing a dispersion com 
prising at least one emulsi?er, at least one initiator, a mono 
meric component, and an aqueous continuous phase; 
initiating polymerization of the monomeric component With 
the at least one initiator; and adding to the continuous phase 
during polymerization of the monomeric component a com 
pound of Formula (I). In some embodiments, a compound of 
Formula (I) is added directly to the continuous phase. In other 
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embodiments, a compound of Formula (I) is solubiliZed in 
Water, and the resulting aqueous solution is added to the 
continuous phase. 

In a further embodiment, a method of conducting an emul 
sion polymerization comprises providing a dispersion com 
prising at least one emulsi?er, at least one initiator, a mono 
meric component, and an aqueous continuous phase; forming 
a polymeric material; and adding to the continuous phase, 
after forming the polymeric material, a compound of Formula 
(I). In some embodiments, forming a polymeric material 
comprises initiating polymeriZation of the monomeric com 
ponent With the initiator, propagating polymeriZation of the 
monomeric component, and terminating polymeriZation of 
the monomeric component. 

In some embodiments of the present invention, methods of 
conducting emulsion polymeriZations further comprise add 
ing an organic cosolvent to the dispersion. In some embodi 
ments, the organic cosolvent is added to the dispersion prior 
to initiation of polymeriZation of the monomeric component. 
In other embodiments, the organic cosolvent is added to the 
dispersion after initiation of polymeriZation of the mono 
meric component. In a further embodiment, substantially no 
organic cosolvent is added to dispersion during any stage of 
the emulsion polymerization. 

In another aspect, the present invention provides methods 
of increasing the resistance to ?ammability of dispersions, 
including polymeric dispersions. In some embodiments, a 
method of increasing the resistance to ?ammability of a dis 
persion comprises adding a compound of Formula (I) to the 
dispersion. In some embodiments, a dispersion comprises a 
polymeric dispersion. In other embodiments, a dispersion 
comprises a monomeric component. 

In another embodiment, a method of increasing the resis 
tance to ?ammability of a dispersion comprising an organic 
solvent comprises substituting at least a portion of the organic 
solvent With a compound of Formula (I). In some embodi 
ments, substantially all of the organic solvent is substituted by 
a compound of Formula (I) or solution thereof. 

In an additional aspect, the present invention provides 
methods of producing a coated substrate. In one embodiment, 
a method of producing a coated substrate comprises provid 
ing a substrate having at least one surface, providing a poly 
meric dispersion comprising a dispersed phase comprising a 
polymeric component and a continuous phase comprising an 
aqueous solution of a compound of Formula (I), and applying 
the polymeric dispersion to at least a portion of the at least one 
surface. In some embodiments, the polymeric dispersion is 
applied to the entire surface. 

In some embodiments, applying the polymeric dispersion 
comprises spray coating, dip coating, passing the substrate 
through kiss rollers, or spreading onto or coating the at least 
one surface through a head box, optionally With the aid of a 
doctor blade. 

These and other embodiments of the present invention are 
described in greater detail in the detailed description Which 
folloWs. These and other features and advantages of the 
present invention Will become apparent after revieW of the 
folloWing detailed description of the disclosed embodiments. 

DETAILED DESCRIPTION 

De?nitions 

In the structural formulas provided herein and throughout 
the present speci?cation, the folloWing terms have the indi 
cated meaning: 
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8 
The term “optionally substituted” as used herein means 

that the group in question is either unsubstituted or substi 
tuted With one or more of the substitutents speci?ed. When 
the groups in question are substituted With more than one 
substitutent, the substitutent may be the same or different. 
The use of pre?xes of the structure Cx_yalkyl, Cx_yalkenyl, 

Cx_yalkynyl, Cx_ycylcoalkyl, designate a radical having from x 
to y carbon atoms. 

The term “alkyl” as used herein, alone or in combination, 
refers to a straight or branched chain saturated monovalent 
hydrocarbon radical having from one to ten carbon atoms, for 
example C1_8-alkyl or Cl_6-alkyl. Typical Cl_8-alkyl groups 
and Cl_6-alkyl groups include, but are not limited to eg 
methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobu 
tyl, tert-butyl, n-pentyl, 2-methylbutyl, 3-methylbutyl, 4-me 
thylpentyl, neopentyl, n-pentyl, n-hexyl, 1,2-dimethylpropyl, 
2,2-dimethylpropyl, 1,2,2-trimethylpropyl and the like. The 
term “Cl_8-alkyl” as used herein also includes secondary 
C3_8-alkyl and tertiary C4_8-alkyl. The term “CM-alkyl” as 
used herein also includes secondary C3_6-alkyl and tertiary 
C4_6-alkyl. 
The term “alkenyl” as used herein, alone or in combination, 

refers to a straight or branched chain monovalent hydrocar 
bon radical containing from tWo to ten carbon atoms and at 
least one carbon-carbon double bond, for example C2_8-alk 
enyl or C2_6-alkenyl. Typical C2_8-alkenyl groups and C2_6 
alkenyl groups include, but are not limited to, vinyl, l-prope 
nyl, 2-propenyl, iso-propenyl, 1,3-butadienyl, l-butenyl, 
2-butenyl, 3-butenyl, 2-methyl-l -propenyl, l-pentenyl, 
2-pentenyl, 3-pentenyl, 4-pentenyl, 3-methyl-2-butenyl, 
l-hexenyl, 2-hexenyl, 3-hexenyl, 2,4-hexadienyl, 5-hexenyl 
and the like. 
The term “alkynyl” as used herein alone or in combination, 

refers to a straight or branched monovalent hydrocarbon radi 
cal containing from tWo to ten carbon atoms and at least one 
triple carbon-carbon bond, for example C2_8-alkynyl or C2_6 
alkynyl. Typical C2_8-alkynyl groups and C2_6-alkynyl groups 
include, but are not limited to, ethynyl, l-propynyl, 2-propy 
nyl, l-butynyl, 2-butynyl, 3-butynyl, l-pentynyl, 2-pentynyl, 
3-pentynyl, 4-pentynyl, l-hexynyl, 2-hexynyl, 3-hexynyl, 
5-hexynyl, 2,4-hexadiynyl and the like. 
The term “cycloalkyl” as used herein, alone or in combi 

nation, refers to a non-aromatic monovalent hydrocarbon 
radical having from three to tWelve carbon atoms, and option 
ally With one or more degrees of unsaturation, for example 
C3_8-cycloalkyl. Such a ring may be optionally fused to one or 
more benZene rings or to one or more of other cycloalkyl 

ring(s). Typical C3_8-cycloalkyl groups include, but are not 
limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
cyclohexenyl, cycloheptyl, cycloheptenyl, cyclooctyl and the 
like. 
The term “heterocyclic” or the term “heterocyclyl” as used 

herein, alone or in combination, refers to a three to tWelve 
membered heterocyclic ring having one or more degrees of 
unsaturation containing one or more heteroatomic substitu 

tions selected from S, SO, S02, 0, or N, for example C3_8 
heterocyclyl. Such a ring may be optionally fused to one or 
more of another “heterocyclic” ring(s) or cycloalkyl ring(s). 
Typical C3_8-heterocyclyl groups include, but are not limited 
to, tetrahydrofuran, l,4-dioxane, 1,3-dioxane, piperidine, 
pyrrolidine, morpholine, piperaZine, and the like. 
The term “alkoxy” as used herein, alone or in combination, 

refers to the monovalent radical ROi, Where R is alkyl as 
de?ned above, for example Cl_8-alkyl giving C1_8-alkoxy. 
Typical C1_8-alkoxy groups include, but are not limited to, 
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methoxy, ethoxy, n-propoxy, isopropoxy, butoxy, sec-butoxy, 
tert-butoxy, pentoxy, isopentoxy, hexoxy, isohexoxy and the 
like. 

The term “carbamoyl” as used herein refers to NHZC 

(O)* 
The term “aryl” as used herein refers to a carbocyclic 

aromatic ring radical or to a aromatic ring system radical. 
Aryl is also intended to include the partially hydrogenated 
derivatives of the carbocyclic systems. 

The term “heteroaryl” as used herein, alone or in combi 
nation, refers to an aromatic ring radical With for instance 5 to 
7 member atoms, or to a aromatic ring system radical With for 
instance from 7 to 18 member atoms, containing one or more 
heteroatoms selected from nitrogen, oxygen, or sulfur het 
eroatoms, Wherein N-oxides and sulfur monoxides and sulfur 
dioxides are permissible heteroaromatic substitutions; such 
as eg furanyl, thienyl, thiophenyl, pyrrolyl, imidaZolyl, 
pyraZolyl, triaZolyl, tetraZolyl, thiaZolyl, oxaZolyl, isox 
aZolyl, oxadiaZolyl, thiadiaZolyl, isothiaZolyl, pyridinyl, 
pyridaZinyl, pyraZinyl, pyrimidinyl, quinolinyl, isoquinoli 
nyl, benZofuranyl, benZothiophenyl, indolyl, and indaZolyl, 
and the like. Heteroaryl is also intended to include the par 
tially hydrogenated derivatives of the heterocyclic systems 
enumerated beloW. 

The terms “?uoroalkyl,” “?uoroalkenyl,” and “?uoroalky 
nyl” as used herein have the same respective meanings as 
alkyl, alkenyl, and alkynyl above provided that at least one 
carbon atom of the groups is substituted With at least one 
?uorine atom. In some embodiments, more than one carbon 
atom of the alkyl, alkenyl, or alkynyl group is substituted With 
one or more ?uorine atoms. 

The present invention provides dispersions comprising 
reduced or substantially no organic cosolvent content as Well 
as methods of conducting emulsion polymeriZations With 
reduced or substantially no organic cosolvent. The present 
invention additionally provides substrates coated or treated 
With polymeric dispersions comprising reduced or substan 
tially no organic cosolvent content. 

In one embodiment, the present invention provides a dis 
persion comprising at least one emulsi?er, a monomeric com 
ponent, and a continuous phase comprising an aqueous solu 
tion of a compound of Formula (I) 

Wherein X is O or S and, 
Wherein R1, R2, R3, and R4 are independently selected from 
the group consisting of hydrogen, alkyl, alkenyl, alkynyl, 
?uoroalkyl, ?uoroalkenyl, ?uoroalkynyl, cycloalkyl, hetero 
cyclyl, aryl, heteroaryl, 4C(O)OR5, and 4C(O)R5, 
Wherein the alkyl, alkenyl, alkynyl, ?uoroalkyl, ?uoroalk 
enyl, ?uoroalkynyl, cycloalkyl, heterocyclyl, aryl, and het 
eroaryl groups are optionally substituted one or more times 
With a substitutent independently selected from R5, 

Wherein R5 is selected from the group consisting of hydro 
gen, alkyl, alkenyl, alkynyl, ?uoroalkyl, ?uoroalkenyl, ?uo 
roalkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, hydroxy, 
carboxy, alkoxy, sulfonyl, sulfonic, and amine. 

Turning noW to components that can be included in disper 
sions of the present invention, dispersions of the present 
invention comprise at least one emulsi?er. In some embodi 
ments, at least one emulsi?er comprises a surfactant. Surfac 
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10 
tants suitable for use in dispersions of the present invention, 
according to some embodiments, comprise anionic surfac 
tants, cationic surfactants, nonionic surfactants, amphoteric 
surfactants, or combinations thereof. 

In some embodiments, anionic surfactants comprise alkyl 
sulfates, alkylbenZenesulfonates, ether sulfates, ot-ole?n sul 
fonates, ester sulfonates, dialkylsulfosuccinates, phosphate 
esters, acyl taurates, soaps, ether carboxylates, or mixtures 
thereof. Cationic surfactants, in some embodiments, com 
prise alkyl quaternary ammonium salts, benZylalkyldimethy 
lammonium salts, amidoamine quatemaries, alkylamine 
salts, quaternary imidaZolium compounds, ester quaternary 
compounds, or mixtures thereof. In some embodiments, non 
ionic surfactants comprise ethoxylated alcohols, ethoxylated 
alkylphenols, polyethylene glycol esters, fatty acid alkanola 
mides, ethoxylated alkanolamides, ethoxylated amines, 
esters of polyhydroxy compounds, ethoxylated esters, ethyl 
ene oxide/propylene oxide copolymers, per?uorinated 
ethoxylates, copolymers of per?uorinated acrylates or meth 
acrylates With ethoxylated acrylates or methacrylates, amine 
oxides, or mixtures thereof. Amphoteric surfactants, in some 
embodiments, comprise alkylamino acids, alkylbetaines, 
alkylsulfobetaines, alkylaminobetaines, imidaZoline-derived 
surfactants, sulfur containing amphoterics, lecithin, or mix 
tures thereof. In some embodiments, surfactants suitable for 
use in embodiments of the present invention comprise 
Geropon®, Rhodacal®, and Rhodafac® commercially avail 
able from Rhodia of Paris France, Pluronic® commercially 
available from BASF of Florham Park, N.J., FluoWet®, 
Genapol®, Hostapur®, and Hostapal®, commercially avail 
able from Clariant of MettenZ, SWitZerland, Neodol® com 
mercially available from Shell Chemicals, and Zonyl® com 
mercially available from DuPont of Wilmington, Del. 

In some embodiments, a dispersion comprises one or a 
plurality of emulsi?ers in an amount ranging from about 0.1 
Weight percent to about 20 Weight percent of the dispersion. 
In other embodiments, a dispersion comprises at least one 
emulsi?er in an amount ranging from about 0.5 Weight per 
cent to about 15 Weight percent of the dispersion. In another 
embodiment, a dispersion comprises at least one emulsi?er in 
an amount ranging from about 1 Weight percent to about 10 
Weight percent of the dispersion. In a further embodiment, a 
dispersion comprises at least one emulsi?er in an amount 
ranging from about 2 Weight percent to about 5 Weight per 
cent of the dispersion. In some embodiments, a dispersion 
comprises at least one emulsi?er in an amount less than about 
0.1 Weight percent or greater than 20 Weight percent of the 
dispersion. 

In addition to at least one emulsi?er, dispersions, in some 
embodiments, comprise a monomeric component. A mono 
meric component, according to embodiments of the present 
invention, comprises a plurality of monomers having at least 
one polymeriZable functionality. In some embodiments, a 
polymeriZable functionality comprises a point of unsatura 
tion, such as a carbon double bond or a carbon triple bond. In 
other embodiments, a polymeriZable functionality comprises 
an amine functionality, isocyanate functionality, or a car 
boxylic acid functionality. In a further embodiment, a poly 
meriZable functionality comprises an alcohol or hydroxyl 
functionality. 
Monomers, in some embodiments, comprise vinylic 

monomers, allylic monomers, or combinations thereof. In 
some embodiments, monomers comprise hydrophobic 
monomers, such as long chain hydrocarbon monomers, 
hydrophilic monomers, oleophobic monomers, such as per 
?uorinated monomers, or combinations thereof. In some 
embodiments, the plurality of monomers are the same. In 
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other embodiments, the plurality of monomers are different. 
Monomers, according to embodiments of the present inven 
tion, are selected according to the desired polymer to be 
produced. 

In some embodiments, monomers comprise vinylic mono 
mers. Vinylic monomers, in some embodiments, comprise 
stearyl methacrylate, stearyl acrylate, biphenyl methacrylate, 
biphenyl acrylate, oleyl methacrylate, oleyl acrylate, lauryl 
methacrylate, lauryl acrylate, isodecyl methacrylate, isodecyl 
acrylate, isooctyl methacrylate, isooctyl acrylate, 2-ethyl 
hexyl methacrylate, 2-ethyl-hexyl acrylate, n-hexyl meth 
acrylate, n-butyl methacrylate, n-butyl acrylate, i-butyl meth 
acrylate, i-butyl acrylate, ethyl methacrylate, methyl 
methacrylate, cyclohexyl methacrylate, cyclohexyl acrylate, 
isobornyl methacrylate, isobornyl acrylate, benZyl methacry 
late, benZyl acrylate, trimethylcyclohexyl methacrylate, 
2-hydroxyethyl methacrylate, 2-hydroxyethyl acrylate, 
hydroxypropyl methacrylate, hydroxypropyl acrylate, 4-hy 
droxybutyl methacrylate, 4-hydroxybutyl acrylate, 2-dim 
ethylaminoethyl methacrylate, 3-dimethylaminopropyl 
methacrylate, 3-trimethylammonioethyl methacrylate chlo 
ride, 3-trimethylammoniopropyl methacrylamide chloride, 
2-tert-butylaminoethyl methacrylate, diethylaminoethyl 
methacrylate, methacrylamide, N-methylol methacrylamide, 
N-methylol acrylamide, N-(n-butoxymethyl)methacryla 
mide, N-(n-butoxymethyl)acrylamide, ethyltriglycol meth 
acrylate, ethyltriglycol acrylate, tetrahydrofurfuryl meth 
acrylate, tetrahydrofurfuryl acrylate, 2-methoxyethyl 
methacrylate, 2-methoxyethyl acrylate, 2-ethoxyethyl meth 
acrylate, 2-ethoxyethyl acrylate, methoxy polyethylenegly 
col methacrylates, methoxy polyethyleneglycol acrylates, 
polyethyleneglycol methacrylates, polyethyleneglycol acry 
lates, methacrylic esters of ethoxylated fatty alcohols, acrylic 
esters of ethoxylated fatty alcohols, allyl methacrylate, allyl 
acrylate, ethyleneglycol dimethacrylate, other alkanediol 
dimethacrylates, other alkanediol acrylates, methacrylic acid, 
acrylic acid, methacrylic anhydride, glycidyl methacrylate, 
maleic acid, maleic anhydride, n-vinylformamide, vinyl 
acetate, vinyl chloride, vinylidene chloride, vinyl ?uoride, 
vinylidene ?uoride, vinyl benZylchloride, styrene, allyl hep 
tanoate, allyl caprylate, allyl caproate, vinyl methyl ketone, 
vinyl ethyl ketone, isoprene, tri?uoromethyl acrylate, per 
?uoroalkyl acrylates, or per?uoroalkyl methacrylates, or 
mixtures thereof. In other embodiments, vinylic monomers 
comprise methylol methacrylates, hydroxyl functional meth 
acrylates, epoxy functional methacrylates, isocyanato func 
tional methacrylates, or mixtures thereof. 

In some embodiments, vinylic monomers comprise vinylic 
isocyanates that are blocked With typical blocking agents, 
acrylic or methacrylic isocyanates that are blocked With typi 
cal blocking agents, vinylic isocyanates that are reacted With 
per?uoroalkyl alcohols, acrylic or methacrylic isocyanates 
that are reacted With per?uoroalcohols, or mixtures thereof. 
Vinylic isocyanates, in some embodiments, comprise dim 
ethyl-m-isopropenylbenZylisocyanate. In some embodi 
ments, acrylic or methacrylic isocyanates comprise 2-meth 
acryloyloxyethylisocyanate. Typical isocyanate blocking 
agents, in some embodiments, comprise butanone oxim, dim 
ethylpyraZol, or combinations thereof. 

In some embodiments, monomer comprise hydrocarbon 
monomers of differing chain lengths, aromatic monomers 
such as styrene, or mixtures thereof. In other embodiments, 
monomers comprise ionic monomers, such as monomers 

With anionic functionalities, cationic functionalities, or mix 
tures thereof. In a further embodiment, monomers comprise 
chlorinated monomers including, but not limited to, vinyl 
chloride, vinylidene chloride, or mixtures thereof. 

20 

25 

30 

35 

40 

45 

50 

55 

65 

12 
A dispersion, in some embodiments, comprises a mono 

meric component in an amount ranging from about 0.1 Weight 
percent to about 70 Weight percent of the dispersion. In other 
embodiments, a dispersion comprises a monomeric compo 
nent in an amount ranging from about 0.5 Weight percent to 
about 60 Weight percent of the dispersion. In another embodi 
ment, a dispersion comprises a monomeric component in an 
amount ranging from about 1 Weight percent to about 50 
Weight percent or from about 5 Weight percent to about 30 
Weight percent of the dispersion. In a further embodiment, a 
dispersion comprises a monomeric component in an amount 
ranging from about 10 Weight percent to about 20 Weight 
percent of the dispersion. In some embodiments, a dispersion 
comprises a monomeric component in an amount less than 
about 0.1 Weight percent or greater than about 70 Weight 
percent of the dispersion. 

Dispersions, according to some embodiments of the 
present invention, also comprise a continuous phase compris 
ing an aqueous solution of a compound of Formula (I), as set 
forth herein. In some embodiments, a compound of Formula 
(I) is urea. In other embodiments, a compound of Formula (I) 
is dimethyl urea or diethyl urea. In a further embodiment, a 
compound of Formula (I) is a thiourea. In some embodiments, 
a compound of Formula (I) is added directly to the aqueous 
continuous phase. In other embodiments, a compound of 
Formula (I) is solubiliZed in Water, such as demineraliZed 
Water, and the resulting solution is added to the aqueous 
continuous phase. 
A dispersion, according to some embodiments, comprises 

a compound of Formula (I) in an amount ranging from about 
0.1 Weight percent to about 50 Weight percent of the disper 
sion. In other embodiments, a dispersion comprises a com 
pound of Formula (I) in an amount ranging from about 0.5 
Weight percent to about 40 Weight percent of the dispersion. 
In another embodiment, a dispersion comprises a compound 
of Formula (I) in an amount ranging from about 1 Weight 
percent to about 30 Weight percent or from about 5 Weight 
percent to about 25 Weight percent of the dispersion. In a 
further embodiment, a dispersion comprises a compound of 
Formula (I) in an amount ranging from about 10 Weight 
percent to about 20 Weight percent of the dispersion. 

In some embodiments, a dispersion further comprises an 
initiator. Initiators, according to embodiments of the present 
invention, are operable to initiate polymeriZation of the 
monomeric component of the dispersion. An initiator, in 
some embodiments, comprises redox systems comprising a 
mixture of one or more persulfates With a reducing agent as 
Well as radical creating systems such as persulfates and per 
oxides including, but not limited to, benZoyl peroxide, di-tert 
butyl peroxide, lauryl peroxide, cumene peroxide, t-butyl 
peroxypivalate, diisopropyl peroxydicarbonate. In other 
embodiments, an initiator comprises aZo derivatives includ 
ing, but not limited to, aZobisisobutyronitrile, 2,2'-AZobis[2 
(5-methyl-2-imidaZolin-2-yl)propane]dihydrochloride, 2,2' 
AZobis[2-(2-imidaZolin-2-yl)propane disulfate dehydrate, 
2,2'-AZobis[2-(2-imidaZolin-2-yl)propane]dihydrochloride, 
2,2'-AZobis(2-methylpropionamide)dihydrochloride, 2,2' 
AZobis[N-(2-carboxyethyl)-2-methylpropionamidine]tet 
rahydrate, 2,2'-AZobis[2-(3,4,5,6-tetrahydropyrimidin-2-yl) 
propane]dihydrochloride, 2,2'-AZobis {2-[l'-(2 
hydroxyethyl)-2-imidaZolin-2-yl]propane}dihydrochloride, 
2,2'-AZobis[2-(2-imidaZolin-2-yl)propane], 2,2'-AZobis 
{2-methyl-N- [l , l -bis(hydroxymethyl)-2-hydroxyethyl]pro 
pionamide, 2,2'-AZobis {2-methyl-N-[2-(l'-hydroxybutyl)] 
propionamide}, 2,2'-AZobis[2-methyl-N-(2-hydroxyethyl) 
propionamide], 2,2'-AZobis(4-methoxy-2,4-dimethyl 
valeronitrile), 2,2'-AZobis(2,4-dimethyl valeronitrile), Dim 
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ethyl 2,2'-aZobis(2-methylpropionate), 2,2'-AZobis(2-meth 
ylbutyronitrile), 1,1'-AZobis(cyclohexane-1'-carbonitrile), 
2,2'-AZobis[N-(2-propenyl)-2-methylpropionamide], 
1 -[(cyano-1'-methylethyl)aZo]for'mamide, 2,2'-AZobis(N 
butyl-2-methylpropionamide), and 2,2'-AZobis(N-cyclo 
hexyl-2-methylpropionamide. 
A dispersion, in some embodiments, further comprises at 

least one chain transfer agent. In some embodiments, a chain 
transfer agent comprises one or more alcohols. In other 
embodiments, a chain transfer agent comprises one or more 
mercaptans. 
A dispersion, in some embodiments, further comprises an 

organic cosolvent. In some embodiments, an organic cosol 
vent is Water-soluble. Organic cosolvents, in some embodi 
ments, comprise acetone, methyl ethyl ketone, ethyl acetate, 
propylene glycol, dipropylene glycol monomethyl ether, 
dipropylene glycol, tripropylene glycol, hexylene glycol, 
ethanol, or mixtures thereof. In one embodiment, a dispersion 
comprises an organic cosolvent in an amount ranging from 
about 0.01 Weight percent to about 50 Weight percent of the 
dispersion. In another embodiment, a dispersion comprises 
an organic cosolvent in an amount ranging from about 0.1 
Weight percent to about 20 Weight percent or from about 1 
Weight percent to about 15 Weight percent of the dispersion. 
In a further embodiment, a dispersion comprises an organic 
cosolvent in an amount ranging from about 5 Weight percent 
to about 10 Weight percent of the dispersion. 

In other embodiments, a dispersion comprising at least one 
emulsi?er, a monomeric component, and a continuous phase 
comprising an aqueous solution of a compound of Formula (I) 
does not comprise an organic cosolvent. 

In some embodiments, a dispersion comprising at least one 
emulsi?er, a monomeric component, and a continuous phase 
comprising an aqueous solution of a compound of Formula (I) 
is a colloidal dispersion. 

In another aspect, the present invention provides polymeric 
dispersions. In one embodiment, a polymeric dispersion com 
prises at least one emulsi?er, a dispersed phase comprising a 
polymeric component, and a continuous phase comprising an 
aqueous solution of a compound of Formula (I) 

N N 
Rl\ / R3 

R2/ \R4 

Wherein X is O or S and, 
Wherein R1, R2, R3 , and R4 are independently selected from 
the group consisting of hydrogen, alkyl, alkenyl, alkynyl, 
?uoroalkyl, ?uoroalkenyl, ?uoroalkynyl, cycloalkyl, hetero 
cyclyl, aryl, heteroaryl, 4C(O)OR5, and 4C(O)R5, 
Wherein the alkyl, alkenyl, alkynyl, ?uoroalkyl, ?uoroalk 
enyl, ?uoroalkynyl, cycloalkyl, heterocyclyl, aryl, and het 
eroaryl groups are optionally substituted one or more times 
With a substitutent independently selected from R5 , 

Wherein R5 is selected from the group consisting of hydro 
gen, alkyl, alkenyl, alkynyl, ?uoroalkyl, ?uoroalkenyl, ?uo 
roalkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, hydroxy, 
carboxy, alkoxy, sulfonyl, sulfonic, and amine. 

Turning noW to components that can be included in poly 
meric dispersions of the present invention, polymeric disper 
sions of the present invention comprise at least one emulsi?er. 
In some embodiments, at least one emulsi?er comprises a 
surfactant. Surfactants suitable for use in a polymeric disper 
sion of the present invention, according to some embodiments 
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14 
of the present invention, comprise anionic surfactants, cat 
ionic surfactants, nonionic surfactants, amphoteric surfac 
tants, or combinations thereof. 

In some embodiments, anionic surfactants comprise alkyl 
sulfates, alkylbenZenesulfonates, ether sulfates, ot-ole?n sul 
fonates, ester sulfonates, dialkylsulfosuccinates, phosphate 
esters, acyl taurates, soaps, ether carboxylates, or mixtures 
thereof. Cationic surfactants, in some embodiments, com 
prise alkyl quaternary ammonium salts, benZylalkyldimethy 
lammonium salts, amidoamine quatemaries, alkylamine 
salts, quaternary imidaZolium compounds, ester quaternary 
compounds, or mixtures thereof. In some embodiments, non 
ionic surfactants comprise ethoxylated alcohols, ethoxylated 
alkylphenols, polyethylene glycol esters, fatty acid alkanola 
mides, ethoxylated alkanolamides, ethoxylated amines, 
esters of polyhydroxy compounds, ethoxylated esters, ethyl 
ene oxide/propylene oxide copolymers, per?uorinated 
ethoxylates, copolymers of per?uorinated acrylates or meth 
acrylates, With ethoxylated acrylates or methacrylates, amine 
oxides, or mixtures thereof. Amphoteric surfactants, in some 
embodiments, comprise alkylamino acids, alkylbetaines, 
alkylaminobetaines, imidaZoline-derived surfactants, sulfur 
containing amphoterics, lecithin, or mixtures thereof. In 
some embodiments, surfactants suitable for use in embodi 
ments of the present invention comprise Geropon®, Rhoda 
cal®, and Rhodafac® commercially available from Rhodia of 
Paris France, Pluronic® commercially available from BASF 
of Florham Park, N.J., FluoWet®, Genapol®, Hostapur®, and 
Hostapal®, commercially available from Clariant of 
MettenZ, SWitZerland, Neodol® commercially available 
from Shell Chemicals, and Zonyl® commercially available 
from DuPont of Wilmington, Del. 

In some embodiments, a polymeric dispersion comprises 
one or a plurality of emulsi?ers in an amount ranging from 
about 0.1 Weight percent to about 20 Weight percent of the 
polymeric dispersion. In other embodiments, a dispersion 
comprises at least one emulsi?er in an amount ranging from 
about 0.5 Weight percent to about 15 Weight percent of the 
polymeric dispersion. In another embodiment, a dispersion 
comprises at least one emulsi?er in an amount ranging from 
about 1 Weight percent to about 10 Weight percent of the 
polymeric dispersion. In a further embodiment, a dispersion 
comprises at least one emulsi?er in an amount ranging from 
about 2 Weight percent to about 5 Weight percent of the 
polymeric dispersion. In some embodiments, a dispersion 
comprises at least one emulsi?er in an amount less than about 
0.1 Weight percent or greater than 20 Weight percent of the 
dispersion. 

In addition to at least one emulsi?er, a polymeric disper 
sion comprises a dispersed phase comprising a polymeric 
component. A polymeric component, in some embodiments, 
comprises a plurality of polymeric particles. In some embodi 
ments, polymeric particles have an average siZe ranging from 
about 1 nm to about 1 pm. In another embodiment, polymeric 
particles have an average siZe ranging from about 10 nm to 
about 800 nm, from about 50 nm to about 500 nm, or from 
about 75 nm to about 300 nm. In a further embodiment, 
polymeric particles have an average siZe ranging from about 
100 nm to about 200 nm. In some embodiments, polymeric 
particles have an average siZe greater than about 1 pm. In one 
embodiment, polymeric particles have an average siZe rang 
ing from about 20 nm to about 100 nm or from about 40 nm 
to about 130 nm. 

Polymeric particles, in some embodiments, comprise 
hydrophobic polymers, oleophobic polymers, or combina 
tions thereof. In some embodiments, polymeric particles 
comprise ?uoropolymers including, but not limited to, ?uo 
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roalkyl methacrylates, ?uoroalkyl aryl urethanes, ?uoroalkyl 
allyl urethanes, ?uoroalkyl urethane acrylates, ?uoroalkyl 
acrylamides, or ?uoroalkyl sulfonamide acrylates, or mix 
tures thereof. In other embodiments, polymeric particles 
comprise polytetra?uoroethylene (PTFE), ?uorinated ethyl 
ene-propylene (FEP), per?uoroalkoxy resin (PFA), polychlo 
rotri?uoroethylene (PCTFE), ethylene-tetra?uoroethylene 
(EPTFE), polyvinylidene ?uoride (PVDF), or polyvinyl ?uo 
ride (PVF) or mixtures thereof. 

In other embodiments, polymeric particles comprise ole 
?nic polymers including, but not limited to, polyethylene, 
polypropylene, polybutene, or mixtures thereof. In a further 
embodiment, polymeric particles comprise elastomers 
including, but not limited to, 1,3-dienes and derivatives 
thereof. 1,3-dienes include styrene-1,3-butadiene (SBR), sty 
rene-1,3-butadiene terpolymer With an unsaturated carboxy 
lic acid (carboxylated SBR), acrylonitrile-l,3-butadiene 
(NBR or nitrile rubber), isobutylene-isoprene, cis-1,4-poly 
isoprene, 1,4-poly(1,3-butadiene), polychloroprene, and 
block copolymers of isoprene or 1,3-butadiene With styrene 
such as styrene-ethylene-butadiene-styrene (SEBS). In other 
embodiments, elastomers comprise polyalkene oxide poly 
mers, acrylics, or polysiloxanes (silicones), ?uoroelastomers, 
or combinations thereof. 

In one embodiment, polymeric particles comprise polyvi 
nyl chloride or acrylics such as polyacrylic acid, poly 
methacrylate, polymethylmethacrylate, or mixtures thereof. 
In some embodiments, polymeric particles comprise polya 
mides, polyesters, polyurethanes, or combinations thereof. In 
other embodiments, polymeric particles comprise polysty 
renes, polyvinyl acetates, vinylacetate-ethylene copolymers, 
or mixtures thereof. 
A polymeric dispersion, in some embodiments, comprises 

a polymeric component in an amount ranging from about 0.1 
Weight percent to about 70 Weight percent of the dispersion. 
In other embodiments, a polymeric dispersion comprises a 
polymeric component in an amount ranging from about 0.5 
Weight percent to about 60 Weight percent of the dispersion. 
In another embodiment, a polymeric dispersion comprises a 
polymeric component in an amount ranging from about 1 
Weight percent to about 50 Weight percent or from about 5 
Weight percent to about 30 Weight percent of the dispersion. 
In a further embodiment, a polymeric dispersion comprises a 
polymeric component in an amount ranging from about 10 
Weight percent to about 20 Weight percent of the dispersion. 
In some embodiments, a polymeric dispersion comprises a 
polymeric component in an amount less than about 0.1 Weight 
percent or greater than about 70 Weight percent of the disper 
sion. 

Polymeric dispersions, according to embodiments of the 
present invention, also comprise a continuous phase compris 
ing an aqueous solution of a compound of Formula (I) as set 
forth herein. In some embodiments, a compound of Formula 
(I) is urea. In other embodiments, a compound of Formula (I) 
is dimethyl urea or diethyl urea. In some embodiments, a 
compound of Formula (I) is added directly to an aqueous 
continuous phase. In other embodiments, a compound of 
Formula (I) is solubiliZed in Water, such as demineraliZed 
Water, and the resulting solution is added to an aqueous con 
tinuous phase. 
A polymeric dispersion, according to some embodiments, 

comprises a compound of Formula (I) in an amount ranging 
from about 0.1 Weight percent to about 50 Weight percent of 
the dispersion. In other embodiments, a polymeric dispersion 
comprises a compound of Formula (I) in an amount ranging 
from about 0.5 Weight percent to about 40 Weight percent of 
the dispersion. In another embodiment, a polymeric disper 
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sion comprises a compound of Formula (I) in an amount 
ranging from about 1 Weight percent to about 30 Weight 
percent or from about 5 Weight percent to about 25 Weight 
percent of the dispersion. In a further embodiment, a poly 
meric dispersion comprises a compound of Formula (I) in an 
amount ranging from about 10 Weight percent to about 20 
Weight percent. 

In some embodiments, a compound of Formula (I) is oper 
able to crosslink With the polymeric particles during heating 
or curing of the polymeric particles. In one embodiment, for 
example, the polymeric dispersion is applied to a substrate 
and subsequently cured. A compound of Formula (I), in some 
embodiments, can crosslink With the polymeric particles dur 
ing the curing process thereby enhancing the repellency and/ 
or protective properties of the polymeric dispersion on the 
substrate. 
A polymeric dispersion, in some embodiments, further 

comprises an organic cosolvent. In some embodiments, an 
organic cosolvent is Water-soluble. Organic cosolvents, in 
some embodiments, comprise acetone, methyl ethyl ketone, 
ethyl acetate, propylene glycol, dipropylene glycol monom 
ethyl ether, dipropylene glycol, tripropylene glycol, hexylene 
glycol, ethanol, or mixtures thereof. In one embodiment, a 
polymeric dispersion comprises an organic cosolvent in an 
amount ranging from about 0.01 Weight percent to about 50 
Weight percent of the dispersion. In another embodiment, a 
polymeric dispersion comprises an organic cosolvent in an 
amount ranging from about 0.1 Weight percent to about 20 
Weight percent or from about 1 Weight percent to about 15 
Weight percent of the dispersion. In a further embodiment, a 
polymeric dispersion comprises an organic cosolvent in an 
amount ranging from about 5 Weight percent to about 10 
Weight percent of the dispersion. 

In other embodiments, a dispersion comprising at least one 
emulsi?er, a dispersed phase comprising a polymeric com 
ponent, and a continuous phase comprising an aqueous solu 
tion of a compound of Formula (I) does not comprise an 
organic cosolvent. 

In some embodiments, a dispersion comprising at least one 
emulsi?er, a dispersed phase comprising a polymeric com 
ponent, and a continuous phase comprising an aqueous solu 
tion of a compound of Formula (I) is a colloidal dispersion. 

In another aspect, the present invention provides substrates 
coated or treated With a polymeric dispersion of the present 
invention. In one embodiment, a substrate comprises at least 
one surface at least partially coated With a polymeric disper 
sion comprising a dispersed phase comprising a polymeric 
component and a continuous phase comprising an aqueous 
solution of a compound of Formula (I). In some embodi 
ments, a substrate comprises a plurality of surfaces Wherein 
each of the plurality of surfaces is at least partially coated With 
a polymeric dispersion of the present invention. 

Substrates, in some embodiments, comprise cellulosic 
materials, including paper, Wood, cellulose acetate ?bers, and 
cotton materials, including, but not limited to, cotton ?bers, 
Woven cotton articles, and non-Woven cotton articles. In other 
embodiments, substrates comprise natural ?bers in addition 
to cellulose ?bers including, but not limited to, Wool and silk 
?bers. In another embodiment, substrates comprise synthetic 
?bers. Synthetic ?bers, in some embodiments, comprise 
nylon (polyamide) ?bers, polyester ?bers, polyole?n ?bers, 
polyurethane ?bers, polyacrylonitrile ?bers, or combinations 
thereof. In a further embodiment, a substrate comprises 
leather, thermoplastics, thermosets, metals, porcelain, carpet, 
masonry, stones, brick, Wood, plastics, painted surfaces, and 
dyed surfaces. 
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In some embodiments, a substrate comprising at least one 
surface at least partially coated With a polymeric dispersion of 
the present invention comprising a dispersed phase compris 
ing a polymeric component and a continuous phase compris 
ing an aqueous solution of a compound of Formula (I) has an 
oil repellency of at least 5 according to AATCC 118. In other 
embodiments, the treated substrate has an oil repellency of at 
least 6 according to AATCC 1 18. In a further embodiment, the 
treated substrate has an oil repellency of at least 7 according 
to AATCC 1 18. In some embodiments, polymeric dispersions 
of the present invention at least partially coating surfaces of 
substrates having the foregoing oil repellencies do not com 
prise an organic cosolvent. In other embodiments, the poly 
meric dispersion comprises an organic cosolvent. 

In some embodiments, a substrate comprising at least one 
surface at least partially coated With a polymeric dispersion of 
the present invention comprising a dispersed phase compris 
ing a polymeric component and a continuous phase compris 
ing an aqueous solution of a compound of Formula (I) has a 
Water/alcohol repellency of at least 6 according to AATCC 
193. In other embodiments, the treated substrate has a Water/ 
alcohol repellency of at least 8 according to AATCC 193. In 
some embodiments, polymeric dispersions of the present 
invention at least partially coating surfaces of substrates hav 
ing the foregoing Water/alcohol repellencies do not comprise 
an organic cosolvent. In other embodiments, the polymeric 
dispersions comprise an organic cosolvent. 

In some embodiments, a substrate comprising at least one 
surface at least partially coated With a polymeric dispersion of 
the present invention comprising a dispersed phase compris 
ing a polymeric component and a continuous phase compris 
ing an aqueous solution of a compound of Formula (I) has a 
spray rating of at least 70 according to AATCC 22. In other 
embodiments, the treated substrate has a spray rating of at 
least 80 according to AATCC 22. In another embodiment, the 
treated substrate has a spray rating of at least 90 according to 
AATCC 22. In a further embodiment, the treated substrate has 
a spray rating of 100 according to AATCC 22. In some 
embodiments, polymeric dispersions of the present invention 
at least partially coating surfaces of substrates having the 
foregoing spray ratings do not comprise an organic cosolvent. 
In other embodiments, the polymeric dispersions comprise an 
organic cosolvent. 

In some embodiments, a substrate comprising at least one 
surface at least partially coated With a polymeric dispersion 
comprising a dispersed phase comprising a polymeric com 
ponent and a continuous phase comprising an aqueous solu 
tion of a compound of Formula (I) has a dry crocking fastness 
of at least 3 .5 according to AATCC 8. In other embodiments, 
the treated substrate has a dry crocking fastness of at least 4.5 
according to AATCC 8. Moreover, in some embodiments, a 
substrate comprising at least one surface at least partially 
coated With a polymeric dispersion comprising a dispersed 
phase comprising a polymeric component and a continuous 
phase comprising an aqueous solution of a compound of 
Formula (I) has a Wet crocking fastness of at least 3.5 accord 
ing to AATCC 8. In other embodiments, the treated substrate 
has a Wet crocking fastness of at least 4.5 according to 
AATCC 8. 

In some embodiments, polymeric dispersions of the 
present invention at least partially coating surfaces of sub 
strates having the foregoing dry and Wet crocking fastness do 
not comprise an organic co solvent. In other embodiments, the 
polymeric dispersions comprise an organic cosolvent. 

In some embodiments, substrates having at least one sur 
face at least partially coated With a polymeric dispersion of 
the present invention displaying one or more of the AATCC 
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properties provided herein comprise synthetic ?bers. In other 
embodiments, the substrates comprise natural ?bers, such as 
cellulosic ?bers. 

In another aspect, the present invention provides methods 
of conducting emulsion polymerizations. In one embodi 
ment, a method of conducting an emulsion polymerization 
comprises providing a dispersion comprising at least one 
emulsi?er, at least one initiator, a monomeric component, and 
a continuous phase comprising an aqueous solution of a com 
pound of Formula (I) 

Wherein X is O or S and, 
Wherein R1, R2, R3 , and R4 are independently selected from 
the group consisting of hydrogen, alkyl, alkenyl, alkynyl, 
?uoroalkyl, ?uoroalkenyl, ?uoroalkynyl, cycloalkyl, hetero 
cyclyl, aryl, heteroaryl, 4C(O)OR5, and 4C(O)R5, 
Wherein the alkyl, alkenyl, alkynyl, ?uoroalkyl, ?uoroalk 
enyl, ?uoroalkynyl, cycloalkyl, heterocyclyl, aryl, and het 
eroaryl groups are optionally substituted one or more times 
With a substitutent independently selected from R5, 

Wherein R5 is selected from the group consisting of hydro 
gen, alkyl, alkenyl, alkynyl, ?uoroalkyl, ?uoroalkenyl, ?uo 
roalkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, hydroxy, 
carboxy, alkoxy, sulfonyl, sulfonic, and amine. 

Emulsi?ers, monomeric components, and initiators suit 
able for use in methods of conducting emulsion polymeriza 
tions, according to embodiments of the present invention, 
comprise any of the same described herein. 

Moreover, in some embodiments, a compound of Formula 
(I) is added directly to the aqueous continuous phase. In other 
embodiments, a compound of Formula (I) is solubilized in 
Water, such as demineralized Water, and the resulting solution 
is added to the aqueous continuous phase. 

In some embodiments, the at least emulsi?er, monomeric 
component, and continuous phase comprising an aqueous 
solution of a compound of Formula (I) are mixed and strongly 
agitated by mechanical means or by high pres sure homogeni 
zation to provide the dispersion. 
A method of conducting an emulsion polymerization, 

according to embodiments of the present invention, further 
comprises forming a polymeric material. Forming a poly 
meric material, in some embodiments, comprises initiating 
polymerization of the monomeric component, propagating 
polymerization of the monomeric component, and terminat 
ing polymerization of the monomeric component. Initiating 
polymerization, in some embodiments, comprises heating the 
at least one initiator in the dispersion to a temperature ranging 
from about 200 C. to about 1500 C. 

In another embodiment, a method of conducting an emul 
sion polymerization comprises providing a dispersion com 
prising at least one emulsi?er, at least one initiator, a mono 
meric component, and an aqueous continuous phase; 
initiating polymerization of the monomeric component With 
the at least one initiator; and adding to the dispersion a com 
pound of Formula (I) during polymerization of the mono 
meric component. Initiating polymerization of the mono 
meric component, in some embodiments, comprises heating 
the at least one initiator in the dispersion to a temperature 
ranging from about 200 C. to about 1500 C. 
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In some embodiments, a compound of Formula (I) is added 
directly to the dispersion during polymerization of the mono 
meric component. In other embodiments, a compound of 
Formula (I) is solubilized in Water, such as demineralized 
Water, and the resulting solution is added to the dispersion 
during polymerization of the monomeric component. 

In a further embodiment, a method of conducting an emul 
sion polymerization comprises providing a dispersion com 
prising at least one emulsi?er, at least one initiator, a mono 
meric component, and an aqueous continuous phase; forming 
a polymeric material; and adding to the dispersion a com 
pound of Formula (I) after forming the polymeric material. 

In some embodiments, the at least one emulsi?er, mono 
meric component, and continuous phase are mixed and 
strongly agitated by mechanical means or by high pressure 
homogenization to provide the dispersion. In some embodi 
ments, forming a polymeric material comprises initiating 
polymerization of the monomeric component, propagating 
polymerization of the monomeric component, and terminat 
ing polymerization of the monomeric component. Initiating 
polymerization of the monomeric component, in some 
embodiments, comprises heating the at least one initiator to a 
temperature ranging from about 20° C. to about 150° C. 

In some embodiments, a compound of Formula (I) is added 
directly to the dispersion after forming the polymeric mate 
rial. In other embodiments, a compound of Formula (I) is 
solubilized in Water, such as demineralized Water, and the 
resulting solution is added to the dispersion after forming the 
polymeric material. 

In some embodiments of the present invention, methods of 
conducting emulsion polymerizations further comprise add 
ing an organic cosolvent to the dispersion. In some embodi 
ments, the organic cosolvent is added to the dispersion prior 
to initiation of polymerization of the monomeric component. 
In other embodiments, the organic cosolvent is added to the 
dispersion after initiation of polymerization of the mono 
meric component. In a further embodiment, substantially no 
organic cosolvent is added to the dispersion during any stage 
of the emulsion polymerization. 

In an additional aspect, the present invention provides 
methods of producing a coated substrate. In one embodiment, 
a method for producing a coated substrate comprises provid 
ing a substrate having at least one surface, providing a poly 
meric dispersion comprising a dispersed phase comprising a 
polymeric component and a continuous phase comprising an 
aqueous solution of a compound of Formula (I), and applying 
the polymeric dispersion to at least a portion of the at least one 
surface. In some embodiments, the polymeric dispersion is 
applied to the entire surface. 

In some embodiments, applying the polymeric dispersion 
comprises spray coating, dip coating, passing the substrate 
through kiss rollers, or spreading onto or coating the at least 
one surface through a head box, optionally With the aid of a 
doctor blade. Substrates suitable for use in methods of the 
present invention, in some embodiments, comprise any sub 
strate described herein. 

In another aspect, the present invention provides methods 
of increasing the resistance to ?ammability of dispersions, 
including polymeric dispersions. In some embodiments, a 
method of increasing the resistance to ?ammability of a dis 
persion comprises adding a compound of Formula (I) to the 
dispersion. In some embodiments, a dispersion comprises a 
polymeric dispersion. In other embodiments, a dispersion 
comprises a monomeric component. 

In another embodiment, a method of increasing the resis 
tance to ?ammability of a dispersion comprising an organic 
solvent comprises substituting at least a portion of the organic 
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solvent With a compound of Formula (I). In some embodi 
ments, substantially all of the organic solvent is substituted by 
a compound of Formula (I) or solution thereof. 
Embodiments of the present invention a further illustrated 

in the folloWing non-limiting examples. 

Example 1 

Emulsion Polymerization Comprising a Compound 
of Formula (I) 

The components of Table 1 Were added to a l L glass 
beaker. 

TABLE 1 

Component Amount (in grams) 

Per?uoralkyl acrylate (CnF2,,+14C2H4—acrylate) 62.5 
wherein n = 6, 8,10,12, >12 in ratios by 
Weight of3:6l :24:l2 
Stearyl acrylate 50.0 
N-methylol methacrylarnide 8.5 
glycidyl methacrylate 3 .0 
N- (n—butoxymethyl)acrylarnide 5 .0 
Dodecanethiol 0.5 
Stearylamine ethoxylate 7.5 
Polyoxyethylene sorbitane monooleate 2.5 
Demineralized Water 296.0 

Urea (solubilized in demineralized Water) 60 

The mixture Was heated to a temperature of 50° C. and 
subsequently homogenized in an APV Gaulin high pressure 
homogenizer. The particle size of the monomer emulsion 
(dispersion) Was measured With a Coulter model N4MD sub 
micron particle analyzer. A particle size of 100 nm Was mea 
sured immediately after homogenization. 
The monomer emulsion Was transferred to a 600 ml glass 

reactor With agitator, re?ux condenser, heating mantle, ther 
mometer, and gas inlet. The emulsion Was heated to 50° C., 
While purging With nitrogen. The polymerization Was initi 
ated With 4.5 g of 2,2'azobis(2-amidinopropane)dihydrochlo 
ride. The reaction Was administered for 4 hours at 60° C. A 
storage stable polymeric dispersion Was obtained With a ?nal 
particle size of about 110 nm. 

Example 2 

Comparative Example of Emulsion Polymerization 
not Comprising a Compound of Formula (I) 

The components of Table 2 Were added to a l L glass 
beaker. 

TABLE 2 

Component Amount (in grams) 

Per?uoralkyl acrylate (CnF2,,+14C2H4—acrylate) 62.5 
wherein n = 6, 8,10,12, >12 in ratios by 
Weight of3:6l :24:l2 
Stearyl acrylate 50.0 
N-methylol methacrylarnide 8.5 
glycidyl methacrylate 3 .0 
N- (n—butoxymethyl)acrylarnide 5 .0 
Dodecanethiol 0.5 
Stearylamine ethoxylate 7.5 
Polyoxyethylene sorbitane monooleate 2.5 
Demineralized Water 296.0 
Dipropyleneglycol monomethylether 60 



US 7,964,657 B2 
21 

The mixture Was heated to a temperature of 50° C. and 
subsequently homogenized in an APV Gaulin high pressure 
homogenizer. The particle size of the monomer emulsion 
(dispersion) Was measured With a Coulter model N4MD sub 
micron particle analyzer. A particle size of 90 nm Was mea 
sured immediately after homogenization. 
The monomer emulsion Was transferred to a 600 ml glass 

reactor With agitator, re?ux condenser, heating mantle, ther 
mometer, and gas inlet. The emulsion Was heated to 500 C., 
While purging With nitrogen. The polymerization Was initi 
ated With 4.5 g of 2,2'azobis(2-amidinopropane)dihydrochlo 
ride. The reaction Was administered for 4 hours at 60° C. A 
settlement-free polymeric dispersion Was obtained With a 
?nal particle size of about 100 nm. 

Comparison of the polymeric dispersion of Example 1, one 
embodiment of the present invention, With that of the prior art 
polymeric dispersion of Example 2 is provided in Table 3. 

TABLE 3 

Comnari on of Fxamnle 1 and Fxamnle 2 

Example VOC Content (%) 

1 0 
2 12 

As demonstrated in Table 3, the polymeric dispersion of 
Example 1 displayed 0% volatile organic compound content 
While the polymeric dispersion of Example 2 displayed a 12% 
volatile organic compound content. 

Example 3 

Comparison of Polymeric Dispersions of Examples 1 
and 2 in Application to Textiles 

The polymeric dispersions of Examples 1 and 2 Were 
diluted With Water to a concentration of 4%. The resulting 
diluted polymeric dispersions Were acidi?ed With 0.4 g/l cit 
ric acid (50%). 100% polyester Woven micro?ber fabrics, 
Which Were dyed deep red, and a 100% cotton Woven fabrics 
Were padded on a Mathis laboratory padder With the diluted 
polymeric dispersions of Examples 1 and 2. The Wet pick-up 
Was about 70% for the polyester fabrics and about 80% for the 
cotton fabrics. The polyester and cotton fabrics Were subse 
quently dried and cured in a Mathis laboratory oven. The 
polyester and cotton fabrics recorded an actual heat exposure 
of 1750 C. for 45 seconds. The polyester and cotton fabrics 
Were subsequently tested for oleophobic and hydrophobic 
properties. The oleophobic properties Were tested according 
to AATCC 118. The hydrophobic properties Were tested 
according to AATCC 22 and AATCC 193. The crocking fast 
ness of the polyester fabrics Was tested as Well. Tables 4 and 
5 summarize the results of the testing. 

TABLE 4 

Results for Polyester Material 

Property Example 1 Example 2 

Oil Repellency (AATCC 118) 7 7 
Water/Alcohol Repellency >8 (10) >8 (10) 
(AATCC 193) 
Spray Rating (AATCC 22) 100 100 
Dry Crocking Fastness 4.5 3.5 
(AATCC 8) 
Wet Crocking Fastness 3.5 3.5 

(AATCC 8) 
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TABLE 5 

Results for Cotton Material 

Property Example 1 Example 2 

Oil Repellency (AATCC 118) 6.5 6.5 
Water/Alcohol Repellency >8 (10) >8 (10) 
(AATCC 193) 
Spray Rating (AATCC 22) 100 100 

As demonstrated in Tables 4 and 5, the polymeric disper 
sion of Example 1 displayed oleophobic and hydrophobic 
properties consistent With those of the polymeric dispersion 
of Example 2. Moreover, the dry crocking fastness of the 
polymeric dispersion of Example 1 Was greater than that of 
the polymeric dispersion of Example 2 for the polyester mate 
rial. The polymeric dispersion of Example 1, hoWever, had no 
volatile organic compound content. The VOC free nature of 
the polymeric dispersion of Example 1, according to embodi 
ments of the present invention, can reduce and/ or eliminate 
costs associated With the use of organic cosolvents such as 
regulatory costs and distilling costs Without compromising 
performance characteristics. 

Example 4 

Comparison of Polymeric Dispersions of Examples 1 
and 2 in Application to Textiles 

The polymeric dispersions of Examples 1 and 2 Were 
diluted With Water to a concentration of 3%. 100% polyester 
Woven fabrics Were padded on a Mathis laboratory padder 
With the diluted polymeric dispersions of Examples 1 and 2. 
The Wet pick-up Was about 70%. The polyester fabrics Were 
subsequently dried and cured on a Mathis laboratory oven. 
The polyester fabrics recorded an actual heat exposure of 
1750 C. for 45 seconds. The polyester fabrics Were subse 
quently tested for ?ame retarding character. The polyester 
fabrics Were cut into 5 cm><15 cm strips and hung vertically in 
a laboratory hood. The loWer end of the fabric strips Were 
ignited With a gas lighter. The burn time Was recorded, 
Wherein burn time Was measured as the time to complete 
combustion of the strip. Table 6 provides the results of the 
testing. 

TABLE 6 

Results of Flammabilig Testing 

Property Example 1 Example 2 

Burn Time 4 minutes 5 seconds 2 minutes 16 seconds 

As displayed in Table 6, the burn time of the polyester Woven 
fabric treated With the polymeric dispersion of Example 1 Was 
much sloWer than that of Example 2, thereby demonstrating 
the enhanced non-?ammability characteristics imparted by 
polymeric dispersions according to embodiments of the 
present invention. 

Example 5 

Emulsion Polymerization Comprising an Organic 
Co-Solvent and a Compound of Formula (I) 

The components of Table 7 Were added to a 1 L glass 
beaker. 
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TABLE 7 

Component Amount (in grams) 

Per?uoralkyl acrylate (CnF2,,+l4C2H4—acrylate) 62.5 
Wherein n = 6, 8,10, 12, >12 in ratios by 
Weight of3:61:24:12 
Stearyl acrylate 50.0 
N-methylol methacrylamide 8.5 
glycidyl methacrylate 3 .0 
N- (n—butoxymethyl)acrylamide 5 .0 
Dodecanethiol 0.5 
Stearylamine ethoxylate 7.5 
Polyoxyethylene sorbitane monooleate 2.5 
Demineralized Water 296.0 
Dipropyleneglycol monomethylether 30 
Urea (solubilized in demineralized Water) 30 

The mixture Was heated to a temperature of 500 C. and 
subsequently homogenized in an APV Gaulin high pressure 
homogenizer. The particle size of the monomer emulsion 
(dispersion) Was measured With a Coulter model N4MD sub 
micron particle analyzer. A particle size of 124 nm Was mea 
sured immediately after homogenization. 
The monomer emulsion Was transferred to a 600 ml glass 

reactor With an agitator, re?ux condenser, heating mantle, 
thermometer, and gas inlet. The emulsion Was heated to 500 
C., While purging With nitrogen. The polymerization Was 
initiated With 4.5 g of 2,2'azobis(2-amidinopropane)dihydro 
chloride. The reaction Was administered for 4 hours at 60° C. 
A storage stable polymeric dispersion Was obtained With a 
?nal particle size of about 116 nm. 

Example 6 

Emulsion Polymerization Without any Organic 
Co-Solvent or Compound of Formula (1) 

(Comparative) 

The components of Table 8 Were added to a 1 L glass 
beaker. 

TABLE 8 

Component Amount (in grams) 

Per?uoralkyl acrylate (CnF2,,+l4C2H4—acrylate) 62.5 
Wherein n = 6, 8,10, 12, >12 in ratios by 
Weight of3:61:24:12 
Stearyl acrylate 50.0 
N-methylol methacrylamide 8.5 
glycidyl methacrylate 3 .0 
N- (n—butoxymethyl)acrylamide 5 .0 
Dodecanethiol 0.5 
Stearylamine ethoxylate 7.5 
Polyoxyethylene sorbitane monooleate 2.5 
Demineralized Water 356.0 

The mixture Was heated to a temperature of 500 C. and 
subsequently homogenized in an APV Gaulin high pressure 
homogenizer. The particle size of the monomer emulsion 
(dispersion) Was measured With a Coulter model N4MD sub 
micron particle analyzer. A particle size of 1 15 nm Was mea 
sured immediately after homogenization. 
The monomer emulsion Was transferred to a 600 ml glass 

reactor With agitator, re?ux condenser, heating mantle, ther 
mometer, and gas inlet. The emulsion Was heated to 500 C., 
While purging With nitrogen. The polymerization Was initi 
ated With 4.5 g of 2,2'azobis(2-amidinopropane)dihydrochlo 
ride. The reaction Was administered for 4 hours at 60° C. A 
polymeric dispersion Was obtained With Visual gritty particles 
?oating on top of the dispersion. Build-up Was also recog 
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nized on the agitator and the glass Walls of the reactor. The 
liquid part Was measured With a ?nal particle size of about 
124 nm. 

Example 7 

Emulsion Polymerization Comprising a Compound 
of Formula (I) 

The components of Table 9 Were added to a 1 L glass 
beaker. 

TABLE 9 

Component Amount (in grams) 

Per?uoralkyl acrylate (CnF2,,+l4C2H4—acrylate) 62.5 
Wherein n = 6, 8,10,12, >12 in ratios by 
Weight of3:61:24:12 
Stearyl acrylate 50.0 
N-methylol methacrylamide 8.5 
glycidyl methacrylate 3 .0 
N- (n—butoxymethyl)acrylamide 5 .0 
Dodecanethiol 0.5 
Stearylamine ethoxylate 7.5 
Polyoxyethylene sorbitane monooleate 2.5 
Demineralized Water 296.0 

Thio Urea (solubilized in demineralized Water) 60 

The mixture Was heated to a temperature of 500 C. and 
subsequently homogenized in an APV Gaulin high pressure 
homogenizer. The particle size of the monomer emulsion 
(dispersion) Was measured With a Coulter model N4MD sub 
micron particle analyzer. A particle size of 109 nm Was mea 
sured immediately after homogenization. 
The monomer emulsion Was transferred to a 600 ml glass 

reactor With agitator, re?ux condenser, heating mantle, ther 
mometer, and gas inlet. The emulsion Was heated to 500 C., 
While purging With nitrogen. The polymerization Was initi 
ated With 4.5 g of 2,2'azobis(2-amidinopropane)dihydrochlo 
ride. The reaction Was administered for 4 hours at 60° C. A 
storage stable polymeric dispersion Was obtained With a ?nal 
particle size of about 110 nm. 

Example 8 

Emulsion Polymerization Comprising a Compound 
of Formula (I) 

The components of Table 10 Were added to a 1 L glass 
beaker. 

TABLE 10 

Component Amount (in grams) 

Per?uoralkyl acrylate (CnF2,,+l4C2H4—acrylate) 62.5 
Wherein n = 6, 8,10,12, >12 in ratios by 
Weight of3:61:24:12 
Stearyl acrylate 50.0 
N-methylol methacrylamide 8.5 
glycidyl methacrylate 3 .0 
N- (n—butoxymethyl)acrylamide 5 .0 
Dodecanethiol 0.5 
Stearylamine ethoxylate 7.5 
Polyoxyethylene sorbitane monooleate 2.5 
Demineralized Water 296.0 
1,1-Dimethylurea (solubilized in 60 
demineralized Water) 

The mixture Was heated to a temperature of 500 C. and 
subsequently homogenized in an APV Gaulin high pressure 



US 7,964,657 B2 
25 

homogenizer. The particle size of the monomer emulsion 
(dispersion) Was measured With a Coulter model N4MD sub 
micron particle analyzer. A particle size of 112 nm Was mea 
sured immediately after homogenization. 
The monomer emulsion Was transferred to a 600 ml glass 

reactor With agitator, re?ux condenser, heating mantle, ther 
mometer, and gas inlet. The emulsion Was heated to 50° C., 
While purging With nitrogen. The polymerization Was initi 
ated With 4.5 g of 2,2'azobis(2-amidinopropane)dihydrochlo 

26 
polyester and cotton fabrics recorded an actual heat exposure 
of 175° C. for 45 seconds. The polyester and cotton fabrics 
Were subsequently tested for oleophobic and hydrophobic 
properties. The oleophobic properties Were tested according 
to AATCC 118. The hydrophobic properties Were tested 
according to AATCC 22 and AATCC 193. The results of the 
oleophobic and hydrophobic testing are summarized in 
Tables 12 and 13. 

ride. The reaction Was administered for 4 hours at 60° C. A 10 TABLE 12 
storage stable polymeric dispersion Was obtained With a ?nal 
particle Size of about 107 nm' Results for Polyester Material 

E 1 9 Property Example5 Example 6 Example7 Example 8 Example9 
xamp e 

15 Oil 7 7 7 7 7 

Emulsion Polymerization Comprising a Compound EZfTHCeECY 
of Formula (I) 118) 

Water/ 12 10 10 12 10 

The components of Table 11 Were added to a 1 L glass Alcohol 
Repellency 

beaker. 20 (AATCC 22) 
Spray Rating 100 100 100 100 100 

TABLE 11 (AATCC 22) 

Component Amount (in grams) 

Per?uoralkyl acrylate (CnF2,,+14C2H4—acrylate) 62.5 25 
Wherein n = 6, 8,10, 12, >12 in ratios by TABLE 13 

‘87:35 cigjgltjlklz 50 0 Results for Cotton Material 

ggg?g?giggggélmide Property Example 5 Example 6 Example 7 Example 8 Example 9 

N-(n—butoxymethyl)acrylamide 5.0 30 Oil 65 6 6 65 6 
Dodecanetlhrol 0.5 R?p?n?ncy 
Stearylamme ethoxylate 7.5 (AATCC 
Polyoxyethylene sorbitane monooleate 2.5 118) 
Demineralized Water 296.0 Wat?/ 10 10 10 10 8 
1,1 Diethylurea (solubilized in demineralized 60 Alcohol 
Water) 35 Repellency 

(AATCC 22) 
. S R t' 100 90 100 100 90 

The mixture Was heated to a temperature of 500 C. and (ggcél 
subsequently homogenized in an APV Gaulin high pressure 
homogenizer. The particle size of the monomer emulsion _ _ _ _ _ 

(dispersion) Was measured With a Coulter model N4MD sub- 40 _ Vanous embodlmems efthe mYenllon have been desenbed 
micron particle analyzen A particle Size of 102 nm Was mea_ 1n ful?llment of the various objectives of the invention. It 
sured immediately after homogenization should be recognized that these embodiments are merely 
The monomer emulsion Was transferred to a 600 m1 glass illustrative of the principles of the present invention. Numer 

reactor With agitator, re?ux condenser, heating mantle, ther- Ous modl?eanons ane a_daptanOnS_ thereof W111 be readlly 
mometer, and gas inlet. The emulsion Was heated to 500 C., 45 apPérem to those Ofskln 1n the an Wlthout depamng from the 
While purging With nitrogen. The polymerization Was initi- Splm and Scope of the lnvennon' 
ated With 4.5 g of 2,2'azobis(2-amidinopropane)dihydrochlo- . . . . _ 

ride. The reaction Was administered for 4 hours at 600 C. A rlfhitginglsiggljé?eilssih _ 
polymeric dispersion Was obtained With some particles ?oat- a least gne emulsi?gr g' 
ing on top of the dispersion. The liquid part Was measured 50 . ’ . . . 
With a ?nal particle size of about 98 nm a monomeric component comprising a plurality of mono 

' mers having at least one polymer1zable functionality 

Example 10 comprising a site of unsaturation; and 
a continuous phase comprising an aqueous solution of a 

Comparison of Polymeric Dispersions of Examples 5 55 Compound of Formula (I) 
to 9 in Application to Textiles 

. . . . X 

The polymeric dispersions of Examples 5 to 9 were diluted 
With Water to a concentration of 4%. The resulting diluted R1\ i /R3 
polymeric dispersions Were acidi?ed With 0.4 g/l citric acid 60 Z/N N\ 4 
(50%). 100% polyester knitted automotive headliner fabrics, R R 
Which Were dyed grey, and a 100% cotton Woven fabrics Were 
padded on a Mathis laboratory padder With the diluted poly- Wherein X is O and, 
meric dispersions of Examples 5 to 9. The Wet pick-up Was Wherein R1, R2, R3, and R4 are independently selected 
about 90% for the polyester fabrics and about 80% for the 65 from the group consisting of hydrogen, alkyl, ?uoro 
cotton fabrics. The polyester and cotton fabrics Were subse 
quently dried and cured in a Mathis laboratory oven. The 

alkyl, ?uoroalkenyl, ?uoroalkynyl, cycloalkyl, hetero 
cyclyl, aryl, heteroaryl and 4C(O)OR5 , 
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wherein the alkyl, ?uoroalkyl, ?uoroalkenyl, ?uoroalky 
nyl, cycloalkyl, heterocyclyl, aryl, and heteroaryl groups 
are optionally substituted one or more times With a sub 

stituent independently selected from R5, 
Wherein R5 is selected from the group consisting of hydro 

gen, alkyl, alkenyl, alkynyl, ?uoroalkyl, ?uoroalkenyl, 
?uoroalkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, 
hydroxy, carboxy, alkoxy, sulfonyl, sulfonic, and amine. 

2. The dispersion of claim 1, Wherein R1, R2, R3, and R4 are 
hydrogen. 

3. The dispersion of claim 1, Wherein the monomeric com 
ponent comprises a plurality of vinylic monomers. 

4. The dispersion of claim 1, Wherein the at least one 
emulsi?er comprises a surfactant. 

5. The dispersion of claim 4, Wherein the surfactant com 
prises anionic surfactants, cationic surfactants, nonionic sur 
factants, amphoteric surfactants, or mixtures thereof. 

6. The dispersion of claim 1, Wherein the dispersion is 
colloidal. 

7. The dispersion of claim 1, further comprising an organic 
solvent. 

8. The dispersion of claim 1, Wherein the dispersion does 
not comprise an organic cosolvent. 

9. The dispersion of claim 1, Wherein the monomeric com 
ponent comprises tri?uoromethyl acrylate monomer, per?uo 
roalkyl acrylate monomer, per?uoroalkyl methacrylate 
monomer or mixtures thereof. 

10. The dispersion of claim 1, Wherein the monomeric 
component comprises methacrylate monomers, acrylate 
monomers, methacrylamide monomers, acrylamide mono 
mers or mixtures thereof. 

11. The dispersion of claim 10, Wherein the methacrylate 
monomers comprise alkyl methacrylates, aryl methacrylates, 
hydroxy functional methacrylates, epoxy functional meth 
acrylates, isocyanate functional methacrylates, or ?uoroalkyl 
methacrylates or mixtures thereof. 

12. The dispersion of claim 10, Wherein the acrylate mono 
mers comprise alkyl acrylates, aryl acrylates, hydroxy func 
tional acrylates, epoxy functional acrylates, isocyanate func 
tional acrylates, or ?uoroalkyl acrylates or mixtures thereof. 

13. A polymeric dispersion comprising: 
at least one emulsi?er; 
a dispersed phase comprising a polymeric component 

comprising ?uoropolymer particles; and 
a continuous phase comprising an aqueous solution of a 
compound of Formula (I) 

Wherein X is O and, 
Wherein R1, R2, R3, and R4 are independently selected 

from the group consisting of hydrogen, alkyl, ?uoro 
alkyl, ?uoroalkenyl, ?uoroalkynyl, cycloalkyl, hetero 
cyclyl, aryl, heteroaryl and 4C(O)OR5, 

Wherein the alkyl, ?uoroalkyl, ?uoroalkenyl, ?uoroalky 
nyl, cycloalkyl, heterocyclyl, aryl, and heteroaryl groups 
are optionally substituted one or more times With a sub 
stituent independently selected from R5, 

Wherein R5 is selected from the group consisting of hydro 
gen, alkyl, alkenyl, alkynyl, ?uoroalkyl, ?uoroalkenyl, 
?uoroalkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, 
hydroxy, carboxy, alkoxy, sulfonyl, sulfonic, and amine. 
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14. The dispersion of claim 13, Wherein the ?uoropolymer 

particles have an average siZe ranging from about 1 nm to 
about 1 um. 

15. The dispersion of claim 13, Wherein the ?uoropolymer 
particles comprise ?uoroalkyl methacrylates, ?uoroalkyl 
acrylates, ?uoroalkyl aryl urethanes, ?uoroalkyl urethanes, 
?uoroalkyl allyl urethanes, ?uoroalkyl urethane acrylates, 
?uoroalkyl acrylamides, ?uoroalkyl sulfonamide acrylates, 
or mixtures thereof. 

16. The dispersion of claim 15, Wherein the polymeric 
particles have an average siZe ranging from about 100 nm to 
about 200 nm. 

17. The dispersion of claim 15, Wherein the polymeric 
particles have an average siZe ranging from about 40 nm to 
about 130 nm. 

18. The dispersion of claim 15, Wherein the polymeric 
particles are present in an amount ranging from about 5 
Weight percent to about 30 Weight percent. 

19. The dispersion of claim 13, Wherein the ?uoropolymer 
particles comprise polytetra?uoroethylene, ?uorinated ethyl 
ene-propylene (PEP), per?uoroalkoxy resin, polytrichlorot 
ri?uoroethylene, ethylene-tetra?uoroethylene, polyvi 
nylidene ?uoride, polyvinyl ?uoride, or mixtures thereof. 

20. The dispersion of claim 13, Wherein the dispersion is 
colloidal. 

21. The dispersion of claim 13, Wherein the dispersion has 
substantially no organic co-solvent. 

22. A method of conducting emulsion polymerization 
comprising: 

providing a dispersion comprising at least one emulsi?er, 
at least one initiator, a monomeric component compris 
ing a plurality of monomers having at least one polymer 
iZable functionality comprising a site of unsaturation, 
and a continuous phase comprising an aqueous solution 
of a compound of Formula (I) 

Wherein X is O and, 
Wherein R1, R2, R3, and R4 are independently selected 

from the group consisting of hydrogen, alkyl, ?uoro 
alkyl, ?uoroalkenyl, ?uoroalkynyl, cycloalkyl, hetero 
cyclyl, aryl, heteroaryl and 4C(O)OR5 , 

Wherein the alkyl, ?uoroalkyl, ?uoroalkenyl, ?uoroalky 
nyl, cycloalkyl, heterocyclyl, aryl, and heteroaryl groups 
are optionally substituted one or more times With a sub 
stituent independently selected from R5, 

Wherein R5 is selected from the group consisting of hydro 
gen, alkyl, alkenyl, alkynyl, ?uoroalkyl, ?uoroalkenyl, 
?uoroalkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, 
hydroxy, carboxy, alkoxy, sulfonyl, sulfonic, and amine. 

23. The method of claim 22, further comprising forming a 
polymeric material. 

24. The method of claim 23, Wherein forming a polymeric 
material comprises initiating polymerization of the mono 
meric component, propagating polymeriZation of the mono 
meric component, and terminating polymeriZation of the 
polymeric component. 

25. The method of claim 22, Wherein the monomeric com 
ponent comprises methacrylate monomers, acrylate mono 
mers, methacrylamide monomers, acrylamide monomers or 
mixtures thereof. 
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26. The method of claim 25, wherein the methacrylate 
monomers comprise alkyl methacrylates, aryl methacrylates, 
hydroxy functional methacrylates, epoxy functional meth 
acrylates, isocyanate functional methacrylates, or ?uoroalkyl 
methacrylates or mixtures thereof. 

27. The method of claim 25, Wherein the acrylate mono 
mers comprise alkyl acrylates, aryl acrylates, hydroxy func 
tional acrylates, epoxy functional acrylates, isocyanate func 
tional acrylates, or ?uoroalkyl acrylates or mixtures thereof. 

28. A method of conducting an emulsion polymerization 
comprising: 

providing a dispersion comprising at least one emulsi?er, 
at least one initiator, a monomeric component compris 
ing a plurality of monomers having at least one polymer 
izable functionality comprising a site of unsaturation, 
and an aqueous continuous phase; 

initiating polymerization of the monomeric component 
With the at least one initiator; and 

adding to the dispersion during polymerization of the 
monomeric component a compound of Formula (I) 

A 

Wherein X is O and, 
Wherein R1, R2, R3 , and R4 are independently selected 

from the group consisting of hydrogen, alkyl, ?uoro 
alkyl, ?uoroalkenyl, ?uoroalkynyl, cycloalkyl, hetero 
cyclyl, aryl, heteroaryl and 4C(O)OR5 , 

Wherein the alkyl, ?uoroalkyl, ?uoroalkenyl, ?uoroalky 
nyl, cycloalkyl, heterocyclyl, aryl, and heteroaryl groups 
are optionally substituted one or more times With a sub 

stituent independently selected from R5, 
Wherein R5 is selected from the group consisting of hydro 

gen, alkyl, alkenyl, alkynyl, ?uoroalkyl, ?uoroalkenyl, 
?uoroalkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, 
hydroxy, carboxy, alkoxy, sulfonyl, sulfonic, and amine. 

29. A method of conducting an emulsion polymerization 
comprising: 

providing a dispersion comprising at least one emulsi?er, 
at least one initiator, a monomeric component compris 
ing a plurality of monomers having at least one polymer 
izable functionality comprising a site of unsaturation, 
and an aqueous continuous phase; 

forming a polymeric material; and 
adding to the dispersion, after forming the polymeric mate 

rial, a compound of Formula (I) 

Wherein X is O and, 
Wherein R1, R2, R3, and R4 are independently selected 

from the group consisting of hydrogen, alkyl, ?uoro 
alkyl, ?uoroalkenyl, ?uoroalkynyl, cycloalkyl, hetero 
cyclyl, aryl, heteroaryl and 4C(O)OR5, 

Wherein the alkyl, ?uoroalkyl, ?uoroalkenyl, ?uoroalky 
nyl, cycloalkyl, heterocyclyl, aryl, and heteroaryl groups 
are optionally substituted one or more times With a sub 

stituent independently selected from R5, 
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Wherein R5 is selected from the group consisting of hydro 

gen, alkyl, alkenyl, alkynyl, ?uoroalkyl, ?uoroalkenyl, 
?uoroalkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, 
hydroxy, carboxy, alkoxy, sulfonyl, sulfonic, and amine. 

30. The method of claim 29, Wherein forming a polymeric 
material comprises initiating polymerization of the mono 
meric component, propagating polymerization of the mono 
meric component, and terminating polymerization of the 
monomeric component. 

31. A method of conducting emulsion polymerization 
comprising: 

providing a dispersion comprising: 
at least one emulsi?er; 
at least one initiator; 
a monomeric component comprising tri?uoromethyl 

acrylate monomer, per?uoroalkyl acrylate monomer, 
per?uoroalkyl methacrylate monomer or mixtures 

thereof; 
and a continuous phase comprising an aqueous solution 

of a compound of Formula (I) 

Wherein X is O and, 
Wherein R1, R2, R3, and R4 are independently selected 

from the group consisting of hydrogen, alkyl, ?uoro 
alkyl, ?uoroalkenyl, ?uoroalkynyl, cycloalkyl, hetero 
cyclyl, aryl, heteroaryl and 4C(O)OR5, and 

Wherein the alkyl, ?uoroalkyl, ?uoroalkenyl, ?uoroalky 
nyl, cycloalkyl, heterocyclyl, aryl, and heteroaryl groups 
are optionally substituted one or more times With a sub 
stituent independently selected from R5, 

Wherein R5 is selected from the group consisting of hydro 
gen, alkyl, alkenyl, alkynyl, ?uoroalkyl, ?uoroalkenyl, 
?uoroalkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, 
hydroxy, carboxy, alkoxy, sulfonyl, sulfonic, and amine; 
and forming a polymeric material from the monomer 
component, Wherein the polymeric material is dispersed 
in the aqueous solution of the compound of Formula (I). 

32. The method of claim 31, Wherein the dispersion has 
substantially no organic cosolvent. 

33. A substrate comprising: 
at least one surface at least partially coated With a poly 

meric dispersion comprising a dispersed phase compris 
ing a polymeric component comprising ?uoropolymer 
particles and a continuous phase comprising an aqueous 
solution of a compound of Formula (I) 

A 
N N 

Wherein X is O and 
Wherein R1, R2, R3, and R4 are independently selected 

from the group consisting of hydrogen, alkyl, ?uoro 
alkyl, ?uoroalkenyl, ?uoroalkynyl, cycloalkyl, hetero 
cyclyl, aryl, heteroaryl and 4C(O)OR5 , 

Wherein the alkyl, ?uoroalkyl, ?uoroalkenyl, ?uoroalky 
nyl, cycloalkyl, heterocyclyl, aryl, and heteroaryl groups 
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are optionally substituted one or more times With a sub 

stituent independently selected from R5, 
Wherein R5 is selected from the group consisting of hydro 

gen, alkyl, alkenyl, alkynyl, ?uoroalkyl, ?uoroalkenyl, 
?uoroalkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, 
hydroxy, carboxy, alkoxy, sulfonyl, sulfonic, and amine. 

34. The substrate of claim 33, Wherein the substrate com 
prises paper, leather, Woven articles, non-Woven articles, car 
pet, metals, masonry, Wood products, stone, ceramics, plas 
tics, natural ?bers, synthetic ?bers, or combinations thereof. 

35. The substrate of claim 34, Wherein the synthetic ?bers 
comprise polyamide ?bers, polyester ?bers, polyole?n ?bers, 
polyurethane ?bers, polyacrylonitrile ?bers, or combinations 
thereof. 

36. The substrate of claim 34, Wherein the natural ?bers 
comprise cotton ?bers, cellulose acetate ?bers, cellulose 
based ?bers, Wool ?bers, silk ?bers, or combinations thereof. 

37. The substrate of claim 33, Wherein the substrate has an 
oil repellency of at least 5 according to AATCC 118. 

38. The substrate of claim 33, Wherein the substrate has an 
oil repellency of at least 6 according to AATCC 118. 

39. The substrate of claim 33, Wherein the substrate has an 
oil repellency of at least 7 according to AATCC 118. 

40. The substrate of claim 33, Wherein the substrate has a 
Water/alcohol repellency of at least 6 according to AATCC 
1 93. 

41. The substrate of claim 33, Wherein the substrate has a 
Water/alcohol repellency of at least 8 according to AATCC 
1 93. 

42. The substrate of claim 33, Wherein the substrate has a 
spray rating of at least 80 according to AATCC 22. 

43. The substrate of claim 33, Wherein the substrate has a 
spray rating of at least 90 according to AATCC 22. 

44. The substrate of claim 33, Wherein the substrate has a 
spray rating of 100 according to AATCC 22. 

45. The substrate of claim 33, Wherein the substrate has a 
dry crocking fastness of at least 3.5 according to AATCC 8. 

46. The substrate of claim 33, Wherein the substrate has a 
dry crocking fastness of at least 4.5 according to AATCC 8. 

47. The substrate of claim 33, Wherein the substrate has a 
Wet crocking fastness of at least 3.5. 

48. The substrate of claim 33, Wherein the substrate has a 
dry crocking fastness of at least 4.5. 
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49. A method of producing a coated substrate comprising: 
providing a substrate having at least one surface; 
providing a polymeric dispersion comprising a dispersed 

phase comprising a polymeric component comprising 
?uoropolymer particles and a continuous phase com 
prising an aqueous solution of a compound of Formula 
(I); 

Wherein X is O and 
Wherein R1, R2, R3, and R4 are independently selected 

from the group consisting of hydrogen, alkyl, ?uoro 
alkyl, ?uoroalkenyl, ?uoroalkynyl, cycloalkyl, hetero 
cyclyl, aryl, heteroaryl and 4C(O)OR5 , 

Wherein the alkyl, ?uoroalkyl, ?uoroalkenyl, ?uoroalky 
nyl, cycloalkyl, heterocyclyl, aryl, and heteroaryl groups 
are optionally substituted one or more times With a sub 
stituent independently selected from R5, 

Wherein R5 is selected from the group consisting of hydro 
gen, alkyl, alkenyl, alkynyl, ?uoroalkyl, ?uoroalkenyl, 
?uoroalkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, 
hydroxy, carboxy, alkoxy, sulfonyl, sulfonic, and amine; 
and 

applying the polymeric dispersion to at least a portion of 
the at least one surface. 

50. The method of claim 49, Wherein the substrate com 
prises paper, leather, Woven articles, non-Woven articles, car 
pet, metals, masonry, Wood products, stone, ceramics, plas 
tics, natural ?bers, synthetic ?bers, or combinations thereof. 

51. The substrate of claim 50, Wherein the synthetic ?bers 
comprise polyamide ?bers, polyester ?bers, polyole?n ?bers, 
polyurethane ?bers, polyacrylonitrile ?bers, or combinations 
thereof. 

52. The substrate of claim 50, Wherein the natural ?bers 
comprise cotton ?bers, cellulose acetate ?bers, Wool ?bers, 
silk ?bers, or combinations thereof. 

* * * * * 


